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ABSTRACT 
The construction industry is facing ever more challenging targets to reduce the environmental 
impact of new-build and refurbishment projects. The construction industry has failed to adopt 
renewable energy technologies (RETs) into mainstream construction projects; however, this 
aspect of the construction challenge needs addressing by large contractors. This thesis has 
established that there is a need to educate contractor personnel in the application and 
integration of RETs into construction projects to ensure that the construction industry can 
preserve its legacy for future generations. In order to improve the construction industry’s use 
of renewable energy in building projects, it was necessary to reassess how the industry viewed 
energy. Contracting organisations have a diverse workforce, a fact established through a 
company-based desk study, workshops, interviews and surveys; this guided the direction of 
the project to satisfy the aims and objectives. The initial research findings enabled 
development of a strategy to improve RET knowledge within a UK contracting organisation. 
This research has developed trialled and tested a training programme aimed at educating 
construction professionals on the application of RETs that are relevant to new-build 
construction projects, and at improving knowledge sharing within a contracting organisation. 
Training material has been developed that includes six RET handbooks, a sustainability 
workshop incorporating RETs, an e-learning suite of online modules designed to suit a range 
of construction disciplines from designers to site-based staff. In addition, the research 
improved business practice through supporting knowledge share across all business units in 
addition to identifying the benefits of post-occupancy evaluation. The research has impacted 
the sponsoring organisation on several business elements including creation of a new business 
unit to assess completed projects in order to inform design and construction on future projects 
leading towards improved knowledge management on RETs. The e-learning component uses 
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a combination of graphical imagery, audio voice-overs, knowledge-checks and assessment 
gathered from active construction projects to enable employees to engage in knowledge and 
experience sharing on a project-by-project basis, and organisational learning through case 
studies and post-occupancy evaluation of completed projects. Feedback received from the 
pilot study of the training materials has been encouraging and positive. While further research 
is required to measure the long-term effect of the initiative on the workforce population, a six 
month review suggested that a refresher course is required bi-annually to ensure the 
workforce score consistent results in the assessment and to update the training with new 
project experience to share within the organisation. The wider impact on the industry is to 
showcase the potential learning benefits of post-occupancy evaluation (POE) to contractors 
and the industry as a whole. The research has highlighted typical industry practice within a 
contracting organisations regarding knowledge sharing within the company and has 
demonstrated the improvement on employee knowledge after introduction of a training 
initiative utilising POE (typically a consultant tool) during the construction phase to prevent 
“re-inventing the wheel”. Through regularly and collectively sharing information and project 
experience, it is envisaged that the full range of contractor disciplines will have increased 
interaction to ensure all perspectives are accommodated during the design, construction and 
facility management phases of a building’s life cycle.  
 
Key Words 
Construction, Renewable Energy Technology, Training, Improving, POE, Contractor, 
Knowledge transfer 
 
 
 
PREFACE 
v 
 
PREFACE 
The research presented by this discourse was conducted to fulfil the requirements of an 
Engineering Doctorate (EngD) at the Centre of Innovative Construction Engineering (CICE), 
Loughborough University. The research programme was supervised by CICE at 
Loughborough University and funded by the Engineering Physical Sciences Research Council 
as well as BAM Construct UK Ltd as sponsors. 
 
The main aim of the EngD is to solve one or more significant and challenging engineering 
problems with an industrial context. The EngD is an alternative to the traditional PhD, as it 
requires the researcher to be positioned within a sponsoring organisation guided by an 
industrial supervisor with academic support is provided by regular contact with academic 
research supervisors. 
 
The EngD is examined on the basis of a discourse supported by publications or technical 
reports. This discourse is supported by two conference, one journal and two unpublished 
papers. 
 
The papers have been numbered 1-5 for ease of reference and are located in Appendices A to 
E to the discourse. While references are made throughout the discourse to the papers there are 
key reference points in section 4 where the reader is directed to read each paper in its entirety 
and then return to the discourse. This is intended to reduce the need for the reader to 
constantly refer to the accompanying papers while reading the discourse.  
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1 INTRODUCTION  
1.1 INTRODUCTION 
The purpose of this chapter is to provide background information on the subject of research, 
conducted in partial fulfilment for the award of Engineering Doctorate at the Centre for 
Innovative Collaborative Engineering (CICE), School of Civil and Building Engineering, 
Loughborough University. It introduces the general subject domain, context of the research 
within both the construction industry and the sponsoring company (BAM Construct UK Ltd), 
and offers justification for the work together with the aim and objectives.  
An outline of each conference and journal paper is also included and should be read in 
conjunction with the thesis.  
 
1.2 THE GENERAL SUBJECT DOMAIN 
1.2.1 THE CONSTRUCTION INDUSTRY 
The single biggest challenge currently faced by the construction industry today is that of 
ensuring a sustainable future. The need for alternative and improved approaches towards 
construction has been well documented in numerous reports, Egan (1998), Latham (1994) and 
most recently Stern (2006) and Wolstenholme (2009). The construction industry for example 
has been labelled as ‘archaic’ when compared to other industries such as automotive and 
manufacturing, yet it is still responsible for 8% of the UK GDP, circa £100 billion, in 2011 
(UKCG) according to the National Statistics. Its end product (the built environment, circa 28 
million buildings) is responsible for approximately 40% of the carbon emissions produced by 
the UK in 2010 (DECC 2010). With ever-challenging targets to be achieved during the 
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construction process, contractors are in a unique position to not only contribute to, but also 
lead change within the industry. The construction industry comprises different-sized 
companies, ranging from small-medium enterprises (SMEs) to international multi-disciplinary 
organisations, and embarks on projects varying in scale and price from a few thousand pounds 
to multi-billion pounds. It employs 2.8 million people – 9% of the UK workforce-across 
nearly 300,000 firms, most of which are SMEs. Only a small fraction of the industry 
comprises large UK contractors, however the top 30 contractors are responsible for £33 billon 
turnover, a third of the industry’s turnover (UKCG 2012), additionally they have a significant 
influence upon practices within the industry. Whilst contractors account for substantial 
employment within the industry, little research has been focused upon their impact on the 
construction process and upon their operating processes. Contractors within the UK usually 
operate within ‘knowledge silos’, with personnel based on single construction projects which 
last for an average of 18 months before they disband and form new project teams to work on 
new projects and usually miss the opportunity to capture lessons learnt to enable cross 
dissemination of knowledge and experiences within the organisation. As the large UK 
contracting organisations typically operate nationally, information is rarely abstracted from 
tacit knowledge from individuals to group knowledge within the organisation. Scott and 
Harris (1998) acknowledged that the UK construction industry could benefit from a learning 
culture; however, as a project-based industry, construction is less open to adopting such 
philosophies.  
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1.2.2 RENEWABLE ENERGY TECHNOLOGIES (RETS) 
The use of energy in the built environment is well documented and identified as a key 
component to be addressed by all stakeholders in the construction process. The use of fossil 
fuelled power generation methods has been identified as a major contributor to the increase in 
greenhouse gas (GHGs) production (DECC 2010). As a major consumer of energy the built 
environment is addressing its consumption levels. The built environment in the UK uses far 
more energy than that of Scandinavian countries that have colder and longer winters, which 
highlight the need for improvement within the new and existing building stock (DECC 2010). 
The micro-generation of energy by renewable energy technologies (RETs) has targeted the 
domestic sector with questionable success. Within the commercial sector, where most large 
contractors operate, there is limited information available for construction professionals 
working in the larger market sector (BERR 2006). The introduction of fiscal incentives, 
namely the Feed in Tariff (FIT) and Renewable Heat Incentive (RHI) have significantly 
increased the number of installations of eligible technologies. However, the recent economic 
uncertainties have led to a number of projects designing some of these technologies out of 
building schemes, as the financial incentive has been drastically changed by the government, 
affecting the “payback” periods. Negative publicity, such as the recent reduction in FITs and 
RHI rates, has led to further scepticism within the construction industry that was already 
hesitant on the role RETs will play in the built environment and that the market sector is still 
embryonic.  
This research thesis focused on the issues associated with the introduction of new building 
components (RETs) to construction projects managed by contractor organisations, and the 
difficulties in educating a typically unknowledgeable and change-resistant workforce.  
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1.3 THE CONTEXT OF THE RESEARCH  
 
It is widely accepted that the built environment’s impact on the environment is significant and 
without immediate action the sustainability targets set in the Kyoto Protocol, a reduction in 
CO2 emissions by 80% on 1990 levels for the UK, a significant target for the construction 
industry and its stakeholders (Kyoto 1998, CIBSE 2004), will never be achieved 
In 2008, BAM Construct UK Ltd acknowledged that Renewable Energy Technologies (RETs) 
were being increasingly specified on new projects, by uninformed clients. This initiated a new 
business innovation project within the contractor organisation as knowledge and experience 
was limited on the management of RETs within a contractor organisation with involvement in 
design, construction and facility management (FM) to capture lessons learnt from past 
experience and initiative knowledge share within the organisation.  
 
1.3.1 THE INDUSTRIAL SPONSOR 
Industry support was partly provided by a subsidiary of the Dutch Royal BAM Group: BAM 
Construct UK Ltd. It is one of the largest construction contractors operating in the UK, with 
1,800 employees across multiple disciplines in seven regional offices. It previously traded 
under HBG Construction Ltd after a merger of Higgs and Hill, Kyle Stewart and Gilbert Ash 
(GA). BAM Construct UK Ltd includes Design, Construction, Plant, Property and Facility 
Management business units, and has traditionally targeted education and retail market sectors 
through projects using procurement routes and programmes such as Design and Build (D&B), 
Public Private Partnerships (PPP) and Building School for the Future (BSF) prior to the 
Government’s retraction of the PPP programme. Figure 1.2 shows the turnover by sector in 
2009 for the sponsoring company, the majority of educational projects specified the 
integration of RETs. Currently the education sector accounts for nearly half of BAM’s 
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turnover. The education sector has placed an emphasis on using the building as part of the 
curriculum, particularly sustainability and renewable energy.  
As a leading contractor, the sponsor identified the potential of renewable energy technology 
as an opportunity to achieve competitive advantage by addressing the company’s processes 
towards the integration of RETs into commercial projects. The main focus of the research 
project was on RETs and involved a number of work packages covering post-occupancy 
evaluation, RETs, learning and development. The commitment of the sponsor to the research 
ensures that the training will be delivered to all designers, construction and facility 
management professionals. 
 
Figure 1.1: Market Sector Turnover (2009) 
 
BAM has built a number of high-profile sustainable projects that have integrated RETs and 
sustainable features, including: 
 Chilton Trinity Technical College, Somerset 
 Laboratory of Molecular Biology, Cambridge 
Education 
45% 
Industrial 
1% 
Health 
17% 
Leisure 
6% 
Mixed 
Developent 
12% 
Office 
15% 
Retail 
4% 
Turnover by market sector 2009 
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 Co-operative Headquarters, Manchester 
 Montgomery Passivhaus School, Exeter 
The above information is publicly available through the official BAM Construct UK Ltd 
literature available on the corporate web site at: www.bam.co.uk.  
1.3.2 THE PROJECT 
The overall focus of the research was to investigate the practices of a large national UK 
contracting organisation, with a view to improving knowledge on the use of RETs and 
initiating a change in the way the contractor manages the integration of RETs into new 
projects. The author was located within a central services department of BAM Construct UK 
Ltd based in the organisation’s headquarters which enabled access all to the relevant projects 
across the UK. In this position, the author, as Research Engineer (RE) was able to review 
different areas of the business and conduct a desk study on current practices; this identified 
that knowledge on RETs was lacking within the organisation, and was caused by cultural 
barriers towards knowledge sharing within a fragmented organisation. This became a key 
influence in the research project.   
 
1.4 AIM AND OBJECTIVES 
 
The background and preceding subsection accentuate the need to improve understanding of 
RETs by contracting organisations and their impact not only on the built environment, but 
also on the contractor responsible for managing the construction of a sustainable building. At 
the beginning of the research project, a wide-reaching aim and set of objectives were agreed 
with the industrial sponsor. These aim and objectives were developed further throughout the 
Engineering Doctorate (EngD) project to ensure that the research aligned with the sponsoring 
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organisation’s business requirements at the same time as meeting the academic requirements 
of the EngD programme.  
The overarching aim of this research project was to:  
Investigate RET practices within a large UK Construction Contractor across business units of 
design and construction, and develop a solution to improve the organisation’s practices for 
the adoption of RETs within its future construction projects.  
1.4.1 OBJECTIVES 
A research road map has been included in Chapter Three (Figure 3.1). It shows the work 
packages associated with each of the research objectives associated with each of the work 
packages, along with the methodology and output from each stage of the four-year EngD 
programme.  
The research objectives of the project were to:   
1. Investigate current practice towards the management of sustainability within 
contracting organisations (Appendix A – Paper 1, Appendix B – Paper 2 & Appendix 
D – Paper 4) 
2. Identify the evaluation of projects post completion ( Appendix A – Paper 1, Appendix 
D – Paper 4) 
3. Identify barriers to RET integration in construction (Appendix C – Paper 3) 
4. Development and deployment of an intervention to the organisations practices; 
(Appendix E – Paper 5) 
5. Evaluation of the intervention within the sponsoring organisation (Appendix E – Paper 
5). 
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1.5 JUSTIFICATION AND SCOPE OF RESEARCH  
1.5.1   JUSTIFICATION FOR THE RESEARCH  
Contracting organisations within the UK construction industry have a major impact on the 
environment during the construction of a new project. Over the last ten years, large 
contractors have led the way in improving the image of construction, highlighted by Latham 
(1994) and Egan (1998). Initiatives such as the Considerate Contractors Scheme (CCS) to 
“improve the image of construction” (CCS 2012), Waste Resources Action Programme 
(WRAP) Halving Waste to Landfill initiative to improve recycling (WRAP 2012) improving 
health and safety (H&S) performance and reporting have addressed some of the areas 
identified by Egan (1998). Moreover, contractors are increasingly leading the construction 
process through working with clients and designers earlier in the construction process. Hassan 
et al (1999) highlighted that the less experienced clients ‘increasingly depend on the technical 
knowledge of their contractors’. 
Contractors have increasingly been adjusting to new economic constraints during the 
recession, and, as a result, are streamlining operations to target core business markets. To 
maximise profitability on construction projects in an era of stringent budgetary cutbacks, 
contractors need to address numerous problems associated with construction projects. The 
opportunity for contractors to benefit from realising the potential of RETs and knowledge 
learnt through employee experience is investigated within this project. Research into learning 
from past construction experience can assist contractors in aligning clients requirements and 
expectations against the delivered product (Williams et al 2012).  
Traditionally, the construction industry has operated on an unsustainable model of ‘lowest bid 
wins’ in the tendering process and contractors rarely were involved post practical completion 
and defects liability period. However, with the need to provide a quality service, achieve 
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competitive advantage and continue to develop individuals and the business, contractors can 
benefit from addressing these issues in their organisation so that they tender realistic prices 
for contracts with the emphasis on quality and value for money rather than bottom line. 
In a time of increasing competition and decreasing work, contractors are judged on their 
ability to deliver projects not just on time, to budget and agreed level of quality, but also on 
what extra they can offer the project and client. In recent years, the delivery process of 
construction projects has evolved to include a more holistic approach, with an emphasis on 
partnering, joint ventures and public/private financing initiatives (Akintoye and Main 2007). 
BAM acknowledged that RETs offered both opportunity and risk in their business model. The 
company developed a relationship with Loughborough University and the CICE in order to 
undertake research into the role of RETs in their construction business. The Engineering 
Doctorate (EngD) programme enabled BAM to combine academic research with a new 
business venture into research and development not currently exploited within the company. 
The focus of the research was to investigate current practices within the case study company 
and improve the management of RETs within the organisation (Section 1.4). 
 
1.5.2 SCOPE OF THE RESEARCH 
The body of work within the research project focused on the UK-based business unit of Royal 
BAM Group. It focused on investigating RETs within the organisation and captured existing 
knowledge, introduced the role of continual learning from completed projects to inform the 
design process of future projects, and produced a training initiative that would engage 
construction professionals within the sponsoring organisation.  
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1.6 CONTRIBUTION TO KNOWLEDGE 
Despite the important role contractors play in the construction process, and the impact they 
have on future construction professionals, there has been limited collaborative research by 
contractors with academia.  
The novelty of this research is that it is based on the study of a leading UK contracting 
organisation and offers new knowledge and insight into the management of Renewable 
Energy Technologies and management of knowledge within one of the largest construction 
contractors in the UK operating across design, construction and facilities management.  
The EngD research had unrestricted access to construction professionals and stakeholders, 
enabling problem areas to be investigated and analysed, and the development of an original 
solution and deployment of that solution within the sponsoring organisation. While the 
importance of sustainability within the construction industry is well documented, little 
research exists to show how contractors are addressing the situation. In this research: 
 A unique method is presented to combine ‘real-life’ construction projects, to 
effectively share knowledge and expertise within an organisation, covering the gap in 
current research and industry practice; 
 The author designed, developed and deployed a training initiative to exploit employee 
knowledge and experience, and improve knowledge sharing within the organisation; 
 Research exists regarding learning and knowledge management, but little is available 
on implementing a training methodology embracing RETs. This research presents one 
approach to this issue;  
 POE is integrated within contracting organisations to support in-house training;  
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 The author developed an e-learning initiative, which is evaluated and shown to offer 
contracting organisations an effective methodology to train and raise awareness of 
RETs across all construction discipline within a fragmented workforce; 
 Produced a number of recommendations for improving the management of RETs in 
large contracting organisations within the construction industry.  
 
1.7 THESIS STRUCTURE 
Chapter 1 (page 1) provides an introduction to the research project, presents the thesis 
structure, highlights the overall research domain, and outlines the aims and objectives along 
with justification for the research within a contracting organisational environment. 
Chapter 2 (page 13) provides a review of existing research in the subject area highlighting 
gaps in existing knowledge and hence the innovations afforded by this research project.  
Chapter 3 (page 28) reviews a number of research methodological considerations and justifies 
the selection of each method used in the research project. 
Chapter 4 (page 47) provides a detailed description of the research undertaken to achieve its 
aim. 
Chapter 5 (page 93) presents the findings of the research, identifies the impact and 
implications on the sponsoring organisation and on the wider construction industry, and final 
conclusions, including the critical evaluation of the research, along with recommendations for 
future research.  
Chapter 6 (page 107) presents a list of references used as part of the main body of research. 
Chapter 7 (page 121) presents the appendices. Appendices A – E include five research papers 
published during the EngD programme – four conference papers and one journal paper. The 
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papers provide background information to the research and should be read in conjunction with 
the thesis.  
Appendices F- H include three questionnaire surveys used in the research project. 
 
1.8 SUMMARY 
This chapter has provided an introduction to the thesis. It has presented the background, 
context, aims and objectives along with the justification for the research. It was important that 
the aims and objectives not only provided academic challenge, but also satisfied the business 
requirements of the sponsoring company within a complex commercial working environment. 
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2 RELATED WORK 
2.1 INTRODUCTION  
 
This section reviews existing literature covering key areas associated with this research 
project. The purpose of reviewing existing knowledge was to improve the RE’s understanding 
of the research area, and identify where the research could contribute to knowledge and 
understanding.  
The topics investigated include renewable energy technology (RETs) and construction 
organisations. Training and learning, knowledge management and post-occupancy evaluation 
(POE) in contracting organisations were also included because of their relevance to the 
research project.  
This chapter concludes by highlighting the gaps in knowledge, which were used to guide the 
research and identify the novelty of the research. 
 
2.2 RENEWABLE ENERGY TECHNOLOGY 
Sustainability has become a priority within construction since the most prevalent government 
reports (Latham 1994, Egan 1998, Wolstenholme 2009), and is defined as “that which is 
capable of being sustained: in ecology the amount or degree to which the earth’s resources 
may be exploited without deleterious effects” (Chambers, 1993).  
Climate change has been widely accepted as a major challenge for all countries, and is 
supported by an increasing body of scientific evidence (Adeyeye et al 2007, Madlener and 
Stagl 2005, Cooke et al 2007, Gross et al 2003, Wang et al 2009). The UK has shown 
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leadership on reducing the country’s carbon emissions by signing up to the Kyoto protocol, 
and more recently passing legislation to confirm its commitments to global climate change, 
including the Energy Act 2008, the Climate Change Act 2008, and most recently the Energy 
Act 2010 (DECC 2010).  
Meanwhile the 2009 Renewable Energy Directive has set the UK a target to generate 15% of 
its energy through renewable sources by 2020 (DECC 2010). This is further supported by a 
growing appreciation for adopting new technology (DTI, 2006). In addition to this growing 
awareness, time, quality and cost performance measures are now expected as a matter of 
course by clients, rather than being seen as differentiators or indicators of excellence between 
competing contractors (Butcher and Sheehan 2010). 
Renewable energy is defined as energy produced by using natural resources, such as wind, 
tidal power, solar and geothermal heat. In this project, the RETs under investigation were 
limited to those that were deemed commercially viable, and in use within active construction 
projects undertaken by the sponsoring organisation. These RETs included Photovoltaic (PV), 
solar thermal, ground-source heat pumps (GSHP), biomass boilers, wind turbines, and 
combined heat and power (CHP).  
Research into RETs or alternative energy sources has increased over the last 50 years, due to 
the increased support and funding available, as well as the corporate social responsibility 
movement, which encourages organisations to adopt ‘green’ thinking (Dickinson et al 2008). 
 
2.2.1 BARRIERS TO RETS IN CONSTRUCTION 
Existing research has categorised a series barriers to RET in the UK (Painuly 2001; 
Verbruggen et al 2010). These include market barriers, technical barriers, institutional 
barriers, political and regulatory, social and environmental barriers.  
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The embryonic nature of the RET market has acted as a natural barrier to wider adoption 
within the construction industry (Diaz-Rainey and Ashton 2008). However, research by 
Williams et al (2011) suggests barriers relating to contractors are focused primarily on 
financial costs of RETs. Numerous authors have corroborated the fiscal barriers including 
Cook et al (2007); Verbruggen et al (2010) and Owen (2006) acting as a major barrier to their 
integration into the built environment, noting that their high capital cost is often an 
insurmountable obstacle that construction projects cannot overcome. 
Traditional forms of energy generation typically costs less for end users than renewable forms 
of generation. ‘Low payback times’ were highlighted as a major barrier to RET adoption by 
the wider population (Cooke et al 2007, Verbruggen et al 2010 and Owen 2006).  
The economic barriers identified by Verbruggen et al (2010), as well as a lack of information 
and trade barriers, all contribute to the argument towards energy efficiency over economic 
efficiency.  
The importance of social barriers – “ignorance, perceived risks and the view that these 
technologies are unproven” – could be influenced by the construction team, and therefore 
should not be overlooked (Cooke et al 2007).  
Previous research focused on the cost of RETs inhibiting their adoption and acting as a market 
barrier, and identified the following: uncompetitive market price, price distortion, 
information, transaction costs, buyer’s risk, finance, inefficient market organisation in relation 
to RET, excessive regulation and technology-specific barriers (Owen 2006).  
There is a need to exploit existing and new drivers as much as possible, in order to minimise 
the impact of existing barriers (Latham 1994). One method is to maximise the communication 
of RETs’ multiple benefits. In addition to communication, stakeholder involvement is vital to 
overcome barriers, as solutions do not always follow barrier identification (Painuly 2001). 
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2.3 CONSTRUCTION INDUSTRY 
 
The UK construction industry is a complex and dynamic working environment, continually 
changing and adapting to ever-challenging Government targets (Loosemore et al 2003, 
Druker et al 1996). Construction currently provides 8% of the GDP for the UK, and as a 
result the Government is committed to continuous improvement and uses policies to 
encourage adoption of new technologies (Abbott et al 2007).  
The construction industry has long been associated with negative publicity, long delays, poor 
delivery, and high costs culminating with unsatisfied clients (Egan 1998, Latham 1994), and 
being traditionally slow to adopt new technology (Tam 1999). 
There is now a drive to make the industry more sustainable holistically, and shift the focus 
from the output (buildings) component of construction organisations, towards organisational 
development (Chinowsky et al 2007) and the environmental and social agenda (Curwell and 
Cooper 1998). This is supported by the Department for Business Innovation & Skills (BIS) 
Strategy for Sustainable Development (2008), which sets out ways in which the industry 
could achieve sustainable development. Pitt et al (2008) highlight the following elements of 
the BIS strategy as key to sustainability within the industry: 
 Being more profitable and more competitive; 
 Delivering buildings that provide greater satisfaction, well-being and value to 
customers and users; 
 Respecting and treating stakeholders more fairly; 
 Enhancing and better protecting the natural environment; and 
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 Minimising the industry’s impact on the consumption of energy and natural resources. 
 
2.3.1 CONTRACTOR ORGANISATIONS 
UK contracting organisations are an area predominately under-researched within both the 
construction industry and in academia. Although contracting organisations make up a fraction 
of the companies involved in the construction industry, the majority comprises of Small 
Medium Enterprises (SMEs) that employ fewer than ten people, they are responsible for £33 
billon of turnover and as a result, employ the majority of construction professionals either 
directly or indirectly (UKCG 2012). According to Mitchell (2005), knowledge sharing is vital 
to an organisation; this is no less important to a project-based organisation operating in the 
UK construction industry. Gil et al (2001) highlight that other industries are interacting more 
with suppliers and external organisations to improve their performance and manufacturing 
practices, going as far as transferring staff into supplier facilities, in contrast to the 
construction industry, further highlighting the laggard mentality of contractors.  
Haldin-Herrgard (2000) uses an analogy of an iceberg when referring to an organisation’s 
knowledge resource, with the tip representing explicit knowledge which is easily located, but 
what lies below the water is the largest part – and that which is not acknowledged (Pathirage 
et al 2008).  
Due to the nature of construction, contracting organisations typically operate over a number 
of geographical regions under a collective brand, affording them a degree of independence 
(Raiden and Dainty 2006). With this fragmented system, the contractor culture operates under 
a ‘knowledge is power’ hoarding methodology. Mohamed et al (2009) believes there has to be 
a cultural change within organisations, away from hoarding and towards sharing. However, 
construction has been labelled archaic: “It has low profitability and invests too little in capital, 
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research and development and training. Too many of the industry's clients are dissatisfied 
with its overall performance” Egan (1998). Hassan et al (1999) highlight the importance of 
client satisfaction in achieving future success within the construction industry during a time of 
economic changes. It has also been deemed slow to adopt new business strategies 
(Wolstenholme 2009). This is compounded by the industry’s ‘pencil and paper’ mentality in 
an increasingly digital world.  
Furthermore, organisational culture has been identified by Mitchell (2005) and Kluge et al 
(2001) as a fundamental barrier to adopting new working methods, with a “not invented here” 
syndrome, whereby the knowledge and experience of those outside the department are 
actively ignored due to mistrust of external sources.  
In addition to cultural barriers, individual barriers also exist within contracting organisations. 
Mitchell (2005) highlighted that resistance to knowledge sharing denies others the 
opportunity to gain knowledge within a commercial environment, which could adversely 
affect the organisation significantly.  
Principal contractors operate in an ever-changing environment, using teams of specialists 
spread across large geographical areas – and with advances in IT, sometimes extending across 
different countries to maintain a competitive advantage (Mohd Zin and Egbu 2009). However, 
Mitchell (2005) states that while intranets or extranets exist within companies, if they are not 
user friendly, or if there is not a culture of sharing, they are unlikely to benefit employees or 
the organisation as a whole. This is of particular relevance for construction teams, as they 
comprise different disciplines. Architects, structural engineers, services engineers and the 
contractor’s team are typically made up of project managers, design managers, quantity 
surveyors, planners, building services managers, site managers and site engineers. Each 
discipline has a specific role within the construction phase of a project, offering different 
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perspectives and opinions that can add value to the project. However, construction activities 
are heavily information dependant (Tam 1999), and the ability of staff to make informed 
decisions depends on the experience and knowledge within the organisation, the extent of 
which affects its ability to maintain a competitive advantage (Riberio 2000, Grant 1996 and 
Spender 1996). Tacit knowledge is critical, and traditional knowledge processes have failed to 
transfer this knowledge to the wider organisation. 
 
2.4 KNOWLEDGE MANAGEMENT 
 
Sharing knowledge internally in an organisation provides an opportunity to find out what is 
known and what is shaping current practice (Mitchell 2005). Knowledge is defined by Bender 
and Fish (2000) as something that is “created in the head of the individual and builds on 
information that is transformed and enriched by personal experience”. Kolb (1984) states that 
knowledge is “continuously derived and tested through the experiences of the learner”, which 
makes it difficult to integrate into construction organisations.  
Knowledge can be classified as internal or external (Robinson et al 2005), practical and 
theoretical, personal or public – but the most common forms discussed in literature are tacit 
and explicit (Pathirage et al 2008). Tacit knowledge refers to knowledge formed in the brain, 
based on experiences of the individual (Nonaka and Takeguchi 1995), whereas explicit 
knowledge can be viewed as knowledge that can be openly shared within an organisation. The 
ability of construction companies to nurture and develop talent within their core business 
operations builds explicit knowledge for the organisation. 
The importance of sharing knowledge is identified in literature by multiple authors, including 
Modh Zin and Egbu (2009), Mohammed et al (2009), Mitchell (2005), Carrillo et al (2004), 
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Davenport and Prusack (1998), Nonaka and Takeguchi (1995). The biggest challenge with 
knowledge sharing is ensuring people engage with the philosophy to create, share and use 
collective knowledge (Mohamed et al 2009), and providing people with the opportunity to 
feed back their experiences (Barlow and Jashapara 1998). An important and currently 
overlooked aspect is the need to address knowledge sharing within traditional organisations 
and resistant workforces to show the benefits of knowledge sharing. Kocaturk and Medjdoub 
(2011) identified that innovation is no longer the product of single designer or product but 
coordination of multiple ‘cross-disciplinary’ intelligence. Contractors accumulate knowledge 
but often fail to build upon it, thus leading to reoccurring problems if knowledge is not 
shared. Mitchell (2005) suggests that a behavioural culture change should be considered to 
induce knowledge sharing in an organisation.  
Knowledge management (KM) within the construction industry has increased in importance – 
a recent survey of leading construction companies by Carrillo et al (2004) identified that 42 
per cent have a KM strategy, with 90 per cent of large organisations (similar to the sponsoring 
company) incorporating a KM strategy. This research is supported by Teece (2000), Krogh 
(2002), and Riberio (2000), who recognise that knowledge is a significant factor in a 
company’s performance when managed effectively. 
 
2.4.1  EMPLOYEE LEARNING 
Curry (1999) states that each individuals learning is “a distinctive and habitual manner of 
acquiring knowledge, skills or through study or experience”. This reflects the proposition of 
Kolb and Honey and Mumford (2000), which identified four separate learning styles: 
activists, reflectors, theorists and pragmatists (shown in Figure 2.1).   
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The work by Honey and Mumford (2000) suggests individuals alter their learning preferences 
depending on the context and situation, and are “not locked into” one preferred learning style.  
Their position on Kolb’s original learning cycle is adapted as follows: 
 
 
Figure 2.1: Honey and Mumford's learning cycle 
  
Activists respond well to challenges and activities; pragmatists are less enthusiastic and learn 
best when given time to prepare in advance; theorists tend to consider all options then make a 
decision on the best option, and learn best when dealing with complex problems; while 
pragmatists tend to lose patience with too much reflection; they like to implement new plans 
following discussions, learning best when the advantages of training are made obvious to the 
trainee. 
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The construction industry has been reliant on out-dated training methods, which have become 
repetitive and uninspiring to many employees – as they do not engage all users’ individual 
learning preferences, preventing the trainee from getting the most from the session.  
Shaw and Marlow (1999) concluded that, if changes are made to learning curriculum delivery 
methods, the attitudes towards the topic will improve, providing there is gradual exposure to 
the subject audience. This is supported by Wilkins and Barrett (2000), who commented on the 
effectiveness of using various media (photos, time-lapse videos etc) to depict the many 
complicated facets of the construction process. 
 
2.4.2 LEARNING FROM EXPERIENCE  
The construction industry tends to rely on past experience to assess risk, profitability and 
complexity of construction projects. However, many construction organisations fail to learn 
from completed projects and proactively address key issues for future projects As Phiri and 
Haddon (2000) state, ‘failure to learn from the accumulated wealth of experience from 
completed construction projects is both costly and unproductive’. Apprenticeships have been 
used within the industry to train employees through a process of shadowing an experienced 
professional, and have been a standard for many construction professionals in senior 
managerial roles. However, the use of apprenticeships has declined in the last 20 years, in 
favour of university graduates degrees. This led to a skills shortage among the main trades 
within the industry that is only now being addressed.  
The increase in university-educated professionals entering the industry has led to innovations 
in training and learning. Improvements in IT and infrastructure have revolutionised learning 
and development, and indeed the construction industry now operates holistically (Tam 1999), 
through cross-discipline project teams with a vested interest in buildings performance in-use. 
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This has been supported through the development and use of soft-landings and post-
occupancy evaluation (POE) during the construction phase of a project. 
Shaw and Marlow (1999) noted that attitudes towards IT among the test group in a university 
were negative towards interacting with computers as opposed to teacher-led exercises; this 
contradicts the findings of Wilkins and Barrett (2000), which highlighted the effectiveness of 
using multimedia in training. This could be attributed to the different learning preferences of 
each group involved in the research, but it does highlight how difficult it is to meet 
everyone’s needs.  
 
Research by Vaughan and MacVicar (2004) identified that e-learning can have a number of 
negative attributes that are quickly identified by end-users. A key finding by Vaughan and 
MacVicar (2004) was that an e-learning initiative will fail unless the focus is on the end user. 
Harrison (2001) identified that e-learning is not applicable in situations where more cost 
effective training is available, where learners actively dislike computer-based learning and 
where senior managers are not committed to e-learning. In large contracting organisations 
where IT infrastructure is already integrated into the business, IT related issues identified by 
Harrison (2001) will not have a great impact on the e-learning training. However, senior 
management support for innovations is often lacking in many organisations and particularly 
within the sponsoring company. This is a major barrier that could prevent the e-learning 
component being deployed within the organisation.  
 
Owens and Price (2010) identified e-learning as being a key enabler to knowledge transfer 
within the higher education sector. This would be of particular interest to construction 
contractors that employ a high number of graduates, as they would have been previously 
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exposed to e-learning within a degree course, and there would be a level of familiarity within 
the workforce. 
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2.5 EVALUATING PROJECT PERFORMANCE 
 
One of the most relevant methods for evaluating the performance of a contractor is through 
the project itself. The ‘you’re-only-as-good-as-your-last-job’ rule of thumb is relevant today 
as ever. It is often said that the way for contractors to secure future work is to promote the last 
project. However, clients are becoming more aware of what is needed and are starting to 
require evidence that the contractor can deliver the building project as promised.  
The BREEAM 2011 accreditation process has increased the impetus on proving project 
deliverables during the construction process (BRE 2011). The completion of the project offers 
further opportunity for contractors to learn and continually improve their processes. 
2.5.1 POST OCCUPANCY EVALUATION 
Post-Occupancy Evaluation (POE) offers contractors a way to substantiate their project 
claims and track record. It has been used within construction for a number of years, yet 
it has failed to fully make a significant impact on industry practices and building design, 
until now. Othman et al (2004) highlight that market conditions, user demands and late 
changes during the construction process frequently occur and enhance project 
performance. However, without reviewing how these changes impact the project it is not 
possible to know if more value has been added to the project. Contractors need to ensure 
that they fulfil the client’s requirements, although these may change throughout the 
duration of the construction phase (Othman et al 2004). ‘Feeding back the client 
organisation and the design and construction team with learned lessons’ will enhance 
future projects (Othman et al 2004). This feedback method is supported by BREEAM 
(BRE 2011), which emphasises the requirement to provide evidence to clients on the 
performance of recently completed buildings, using a pre- and post-construction 
assessment, in order to award BREEAM accreditation to the project. User-satisfaction 
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should be a major part of any POE assessment. As Bordass (1993) states: “anyone can 
save energy by making the occupants miserable”.  
Twenty years after Bordass’ (1993) research highlighted POE to the industry, 
contractors in particular have failed to fully embrace the concept, but it has been 
highlighted that the benefits to contractors outweigh any perceived negatives (Williams 
et al 2012).  
Reviewing how buildings perform as intended can be undertaken through hard systems, 
such as the internal environment, energy and resource consumption, and soft items like 
people flow, user perception and satisfaction with the building. A recent government 
report by the Low Carbon Construction Innovation and Growth Team (IGT) (BIS 2010) 
identified that the in-use component of the construction process accounts for 83% 
(246.4MtCO2) of CO2 emissions which the construction industry has the ability to 
influence shown in Figure 2.2. The report states that the ‘construction industry cannot 
(or should not) just dismiss operational energy as somebody else’s problem – or 
somebody else’s opportunity’. However, the in-use stage of a building’s life rarely 
involves contractors, and even fewer contractors proactively return to projects to 
conduct reviews on performance. 
 
Figure 2.2: Carbon emission by source - Non-domestic building ( Low Carbon Construction IGT 
Final Report 2010) 
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Kulanga et al (1998) stated that contractors consistently fail to implement learning 
mechanisms to improve their processes. Marr et al (2003) state that an organisation is 
likely to fail by implementing a knowledge management system if it is unfamiliar with 
the workforce. Engagement with the workforce is integral to the success of any new 
managerial process, and should be considered when selecting new working methods.  
Energy efficiency has been highlighted by the sustainability agenda, and wasted energy 
in particular can be assessed through POE (Bordass 1993). The barriers associated with 
conducting POE has been identified by existing research (Williams et al 2012, Hadjri & 
Crosier 2008, Turpin-Brook & Viccars 2006, Bordass et al. 2001 and Preiser 1995). 
However, to improve the construction industry’s performance, POE has to be used as a 
standard to provide evidence of building system performance while providing an 
opportunity to learn and continuously share information and knowledge throughout the 
industry. A strategy must be in place to maximise the effectiveness of a POE system 
within an organisation.  
 
2.6 IMPROVING KNOWLEDGE THROUGH TRAINING 
 
There is an increasing amount of research on knowledge sharing and the difficulties 
associated with negative attitudes and resistance towards sharing (Mitchell 2005). Employee 
participation is fundamental to implementing a culture change within a project-based industry 
like construction (Dainty et al 2002). Cross (2001) identified that students no longer think 
computers are difficult to use and accept that they are a part of everyday life. Therefore, some 
form of computer-based training could offer benefit to the construction workforce.  
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User satisfaction is often used as a measure of training or innovative system’s success within 
an organisation (Davison and Deeks 2007). Training can be used as a method to change 
company practice and views through the development of the organisation. Klinker and 
Neilssen (1996) identified that employee acceptance of a new training is integral to the 
success of new programmes within the company, and should be encouraged to participate in 
training to improve organisational practice, as they possess in-depth expertise and ingenuity 
regarding the organisation’s practices (Bernstein 1992, Klinkers and Neilssen 1996).  
 
2.7 SUMMARY  
 
This chapter has presented an extensive literature review on the subject of RETs, barriers to 
RET adoption, evaluation of construction projects (POE) and learning within the construction 
industry. While the industry has taken steps towards improvement, in line with Government 
reports (Latham 1994, Egan 1998, Wolstenholme 2009), the progress has been less than 
encouraging (Wolstenholme 2009). Case study projects have been used to showcase best 
practice within the industry. However, RETs have failed to be fully embraced by the majority 
of construction organisations, and are still viewed with scepticism (Appendix C – Paper 2).  
There is a need for construction organisations to improve their ability to manage knowledge, 
not just data. This can be primarily achieved through innovative training.  
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3 RESEARCH METHODOLOGY 
3.1 INTRODUCTION 
This section introduces the methodology selected for the research project. The chapter begins 
by outlining the strategy, and then reviews the numerous methods available, giving critical 
analysis of each method and justification for the chosen selection. In order to achieve the 
research aims and objectives, the research strategy must evaluate the methods available and 
relevant to the project. The work undertaken as part of this research project involved a 
number of work packages to enable the research objectives to be met. Fig 3.1 shows the 
chapters and the related outputs (both academic papers (Appendices A – E) and industry 
reports and training).  
The RE generated a number of industrial outputs; including reports on the most prevalent 
RET technologies used within the organisation. These reports were reviewed and enabled the 
RE to become familiar with the company and establish the research context for the EngD 
project. At this stage of the research, it was important to understand the sponsoring 
organisation’s business operations in order to understand the context of the research project 
within BAM. 
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Figure 3.1: Discourse Map 
 
3.2 METHODOLOGICAL CONSIDERATIONS 
Remeyni et al (1998) state that when considering an appropriate research design, the 
researcher should consider epistemological, ethical and ontological assumptions of their 
research. This is echoed by Crotty (2003) and Diaz Andrade (2009) who believe that the RE 
has to address their “worldview” regarding the research topic as the individual’s basic beliefs 
lie underneath their theoretical perspectives. Epistemology is defined as the science and study 
of knowledge (Marr et al 2003).  
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There is a range of epistemologies that should be considered when conducting research. 
Denscombe (2002) states that research is moving away from the being confined to ‘positivist’ 
or ‘interpretivist’ epistemologies and towards how well it addresses the type of epistemology. 
The type of epistemology that supports this research project is a pragmatic approach. 
Pragmatism derives conclusions from practical life experience and is not limited to any one 
philosophy. Creswell (2003) identifies pragmatic research as one which utilises many 
approaches to collect data which is relevance to the research project. This is supported by 
(Denscombe 2002) who states that a mixed approach to research is justified when it serves a 
purpose, for example using questionnaire surveys or observations to produce the required data 
when necessary.   
 
3.2.1 TYPES OF RESEARCH 
Amaratunga et al (2002) state that research in the built environment has been criticised for its 
interpretation of “real world phenomena” from heuristic principles and that new perspectives 
should be sought in order to validate and refine real situations. With this in mind, the nature 
of the research can be described as either ‘applied’ or ‘pure’. Applied research deals with 
practical situations and involves the use of various methods to solve real world problems. 
Moore (2000) states that the defining characteristic of applied research is the fact that 
“someone will take action of some kind based on the results of the research”. This aligns with 
the main ethos of the EngD programme that aims to produce impact within the sponsoring 
organisation. Pure research, in comparison, is less practical in value and more abstract or 
“blue sky” (Fellows and Liu 2008). Pure research deals with developing scientific theory 
where the output is not directly applicable within the industry. Whilst it is important to 
acknowledge the contribution that applied and pure research have in their respective fields 
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(Fellows and Liu 2008) the requirements of the EngD and the sponsoring company 
necessitated that the research be “applied” in nature.  
3.2.2 ADDITIONAL CONSIDERATIONS 
In order to satisfy the requirements of the EngD programme, it was necessary to address the 
central aim “is the solution of one or more significant and challenging engineering problems 
with an industrial context” (CICE 2012). With this in mind, the RE had to identify their own 
philosophical stance. In this aspect, the EngD differs significantly from a traditional Ph.D. 
due to the involvement of an industry stakeholder with a vested interest in the research. The 
RE had to manage the expectations of the industrial sponsor and justify their value 
periodically over the duration of the EngD. Costley and Armsby (2007) state that real-time 
research has additional complexities compared to that of theoretical-based research. The 
industrial sponsor involvement in the project was reflected in the research design. BAM 
Construct had interest and understanding of commercial and sensitive data involved in the 
project and suggested certain amendments and questions of interest to the organisation. The 
benefit of industry-led research is the real world problem can be investigated and the outputs 
of the research are applicable to current practice within the industry.  
 
During this research project, the RE had difficulty in gaining access to some research sites; an 
issue often associated with industry-based research, and construction personnel involved in 
the identified projects. These problems were identified when completing the case studies on 
the RETs within the organisation. Access to participants with the detailed knowledge and 
experience of the RETs proved difficult during the four years due to a number of 
redundancies and the organisations reliance on temporary labour to manage work packages on 
construction projects over a limited period of time.  
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3.3 METHODOLOGY DEVELOPMENT 
Research strategy design is widely debated, and there are various views on conducting 
research, especially with regard to the main types of methods available: Qualitative, 
Quantitative (Naoum 2007. Fellows and Liu 2008) and Mixed methods (Creswell 2003 and 
Denscombe 2002). The selection of an appropriate research design is integral to the success of 
the research project and the merits of each have to be considered in order to develop an 
appropriate research strategy. However, the issue relating to the distinction between the two is 
often a contested one within academic and industry circles (Bryman 2008). There are various 
definitions of qualitative and quantitative approaches to research, they are summarised as 
follows: 
 Qualitative Research: Fellows and Liu (2008) state qualitative research, “is an 
exploration of the subject, undertaken without prior formulations”. It typically utilises 
detail descriptions, general opinions and is subjective in nature (Naoum 2007) and is 
used when the research needs to seek and understand the subject area whilst 
accommodating the overall context of the situation; 
 Quantitative Research: A quantitative approach to research follows the “scientific 
method” and is objective in nature (Naoum 2007), studying theory and having precise 
aims and objectives that can be tested. It is sometimes referred to as providing a 
“snap-shot” and provides answers to questions such as; who, what, how much, how 
many? (Fellows and Liu 2008).  
Table 3.1 lists some of the strategies that can be adopted to answer various research questions, 
identified by Yin (1994).  
  
The Management of Renewable Energy Technologies Implementations within a Contracting 
Organisation’s Processes 
 
34 
 
Table 3.1: Requirements of Different Research Styles/ Strategies 
Style. Strategy Research  
Questions 
Control Over 
Independent Variables 
Focus on Events 
Survey Who, what, why, where, 
how many, how much? 
Not required Contemporary 
Experiment/ Quasi-experiment  
Archival Analysis  
How, why? 
Who, what, where, how 
many, how much? 
Required 
Not required 
Contemporary 
Contemporary/past 
History 
Case study 
How, why? 
How, why? 
Not required 
Not required 
Past 
Contemporary 
Source: Derived from Yin (1994) 
3.4 RESEARCH APPROACHES 
 
There are various strategies that can be used for construction research; this subsection 
describes the various research approaches relevant to the subject under investigation.  
3.4.1 ACTION RESEARCH  
The nature of action research is that the researcher is actively involved in the environment 
being researched, and has to consider the interconnectedness of their environment (BAM) and 
the subject matter (Craig 2009; Fellows and Liu 2008). Action research actively seeks to 
affect change within the studied group, thereby creating new knowledge on the process of 
change (Lewin 1946). Within this research project the RE developed and tested a training 
mechanism for improving knowledge capture and knowledge sharing within the sponsoring 
contracting organisation. ‘Action research promotes experiential learning that combines 
theory and practice, and encourages a research perspective to everyday experiences within an 
organisation’ (Rowley 2003). 
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A typical approach towards action research which frequently appears in literature (Grundy 
and Kemmis, 1981;Grundy 1982, Kemmis and McTaggart, 1988a; Perry and Zuber-Skerritt, 
1991; O’Brien 2001, Dick, 2002; French 2009) involves the following: 
 
(a) develop a plan; 
(b) act to implement the plan; 
(c) observe the action and collect data; and 
(d) reflect on the action and re-plan  
 
 
 
 
 
 
Figure 3.2: Action research cycle (Kolb 1984) 
 
The action research methodology is cyclic and involves continuously revising the plan based 
upon the outcomes of the last action cycle (Figure 3.2 above). 
 
3.4.2  SURVEY RESEARCH 
Survey research is a popular method within social science (Robson 2002) and uses statistical 
sampling to generalise results for a wider population (Naoum 2007 and Fellows and Liu 
2008). Survey research is typically conducted through questionnaires (Fellows and Liu 2008) 
as can achieve a wide response in time-limited situations (Naoum 2007). Fellows and Liu 
  Plan 
Revised 
Plan 
Observe Act 
Act 
Reflect 
Observe 
Reflect Cycle 1 Cycle 2 
The Management of Renewable Energy Technologies Implementations within a Contracting 
Organisation’s Processes 
 
36 
 
(2008) state that there are two main types of questionnaires depending on the requirements of 
the research they can either be open or closed.  
Open questions enable the respondent to interpret the question in multiple ways with no 
limitation imposed on the content or on the individual. This can produce large quantities of 
data quickly, but it can be difficult to manage and analyse (Fellows and Liu, 2008). Closed 
questioning, conversely, limits the response to a specific set of answers predetermined by the 
researcher. The main drawback of closed questioning is that it can make the respondents feel 
confined and / or steered to selecting a specific response. 
 
3.4.3  CASE STUDY RESEARCH 
Case study research focuses on a specific group, person or organisation and offers an in-depth 
investigation and analysis of a specific aspect or problem (Naoum 2007). Case studies can be 
used by researchers to immerse themselves within the area of study to provide insights that 
other methods cannot (Rowley 2002), this is of particular relevance to the EngD research. 
Case study research, like survey research, uses a representative “case” to demonstrate 
generalised findings in a topic and often uses multiple methods to gather evidence such as 
interviews and observations (Yin 1994, Fellows and Liu 2008, Brewton and Millward 2001 
and Rowley 2002).  
 
3.4.4  ETHNOGRAPHIC RESEARCH 
Ethnographic research requires the researcher to become part of the group under investigation 
in order to observe the participants behaviour and culture. However, unlike Action research, 
the researcher does not employ “direct” action or intervention on the studied group (Fellows 
and Liu 2008). The suitability of each of the methodologies discussed above were reviewed 
METHODOLOGY 
 
37 
 
with the sponsoring organisation to ensure the chosen method was feasible and would achieve 
the aims and objectives set in Chapter One.  
 
3.5 SELECTED RESEARCH APPROACH 
 
The nature of this EngD project within the context of a sponsoring company meant that an 
action research approach would be suitable to achieve the objectives of the project. Action 
research can be defined in many different ways, however, the following is widely accepted: 
‘Action research is inquiry that is done by or with insiders to an organisation or community, 
but never to or on them’ (Herr and Anderson (2005). The basis of action research, unlike 
traditional social science research, is to conduct some form of intervention. The cycle of 
action research shown in Figure 3.2 (subsection 3.4.1) was adopted for this research project. 
Figure 3.3 shows the specific elements relating to the four stages of the action research cycle 
used in this research project.  
  
The Management of Renewable Energy Technologies Implementations within a Contracting 
Organisation’s Processes 
 
38 
 
 
 
 
 
 
 
 
 
Figure 3.3: Action research cycle adopted by the research project 
 
3.6 METHODS/ TOOLS USED 
The methods used within this research project were selected to satisfy the requirements of the 
organisation’s primary aim for the project. This subsection presents the research methods used 
by this research project and states the justification for their selection, a summary of objectives 
and methods are summarised in section 3.6. (Table 3.2). A variety of quantitative and 
qualitative tools were selected to achieve the aims and objectives of the research project.  
 
3.6.1 LITERATURE REVIEW 
Literature reviews are an integral tool used by the RE to establish what already exists within 
the field of study. For this research project a number of areas were investigated, namely 
Renewable Energy Technologies, Post-Occupancy Evaluation, Training and knowledge 
management, this enabled the RE to gain an impression of the topic in order to subsequently 
build upon the body of knowledge (Bryman 2008 and Creswell 2003).  
Diagnostic 
Detailed review of current 
practices within BAM and 
identification of improvement 
areas 
Taking Action 
Implementation and roll out of 
training initiative 
Evaluation 
Training review, dissemination 
into business strategy 
Action Planning 
Develop training – e-learning and 
workshop 
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Literature reviews were conducted throughout the four years of the EngD programme to 
ensure the RE was aware of leading research in the area and to direct the research project for 
future work, as Moore (2000) states that “no research project exists in isolation”. Literature 
reviewed as part of this research project included primary sources, Scholarly academic 
journals and conference proceedings as well as industry literature and secondary sources 
including, ‘trade articles’.  
A major benefit of the literature review is that it enabled the RE to identify where a 
contribution to knowledge can be achieved. Fellows et al (2003) suggests that the key element 
of a literature review is the subjective context and the methodology. The structure of this 
research project necessitated multiple literature reviews throughout the duration of the project 
and included; 
 Renewable Energy Technology, barriers to RET integration in the industry, the 
commercially available technologies relevant to the built environment and building 
contractors; 
 Post-Occupancy Evaluation (POE) and the role of contracting organisations; 
 Knowledge Management and learning from experience (traditionally used within the 
construction industry).  
3.6.2  OBSERVATIONS 
Observations were a key tool used by the RE in order to understand the sponsoring 
company’s culture. The nature of the RE’s remit of work within BAM meant that it was 
possible to gain access to areas not normally permitted to site-based construction staff when 
conducting project case studies. The RE found that many employees ‘opened up’ to discuss 
sensitive and personal topics as they did not perceive the RE to be senior management and 
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that the observations would contain no personal information that could have a negative effect 
on the employee. 
Observational data is collected through “events experienced through watching and listening” 
and are based purely on fact, with little analysis by the RE to avoid bias (Fellows and Liu 
2008). In this research project observations were used to gather information during site visits 
to live construction sites and enabled the RE to guide the research into areas of importance 
not previously acknowledged by the organisation. The data collected from site visits and 
informal meetings/ liaisons with staff were recorded on a personal dictaphone or in note 
format where necessary, in addition to photographic evidence where possible and was used in 
the development of internal case studies for the business but also to develop the RET 
handbooks that would be used to disseminate knowledge back into the organisation.   
 
3.6.3  QUESTIONNAIRE SURVEY 
Both open and closed questionnaires were used in combination throughout this research 
project to overcome the associated limitations with each type of question.  
Postal questionnaires have an advantage over electronic distribution as the survey has to be 
physically handled as opposed to simply being deleted or diverted by “junk mail” filters. 
Electronic questionnaires offer a higher degree of flexibility compared to that of postal 
surveys, in addition to being more cost effective to administer, they take less time to complete 
and return to the RE, enable the respondent to quickly navigate past elements not relevant, as 
well as being an effective method to reach people in a large geographical area.  
The RE used Questionpro to distribute the surveys online using a hyperlink within an email to 
members of the UKCG, an in-house design consultancy and the sponsoring organisation. 
It was determined that the required resources for postal surveys both cost and time would be 
prohibitive for this research project. In accordance with Fellows and Liu (2008), the 
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questionnaires were piloted within the company using a workshop of senior managers and 
designers to ensure that the survey was easily answered by the intended population. The 
questionnaires developed and used in survey research within this project are available in the 
appendices F, G, H, I with the results discussed in Chapters Four and Five. 
 
 
3.6.4  INTERVIEWS 
Interviews are widely used in qualitative research projects as they offer a degree of flexibility 
to the researcher and can offer insights that other techniques cannot reach (Wellington 2000). 
Interview type varies, from unstructured to structured, depending on the type of data required 
for the research (Brewerton and Millward 2001). Interviews can be conducted either via the 
internet or telephone or face-to-face, where the RE can observe non-audible stimuli like 
gestures or facial expressions. Interviews can typically be either; 
 Structured – The RE uses closed questioning to keep the interviewee on topic and to 
prevent deviation into other topics which is often seen as a limiting factor; 
 Semi-structured – The RE utilises both open and closed questioning in addition to 
themes, enabling the interviewee to discuss topics around the one of interest to the RE, 
but still providing responses to required questioning to allow for analysis with other 
data whilst still collecting the interviewee’s spontaneous views (Moore 2000); or  
 Unstructured – The RE uses themes to get the interviewee to discuss the topic area. 
This requires the interviewee to guide the questioning to ensure that the interview 
produces useful data.  
 
Wellington (2000) believes that the purpose of an interviewer is to provide a platform in 
which the respondent can make “their viewpoints heard”. Within the context of the 
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sponsoring company, semi-structured interviews were used to provide the RE with insights 
into company culture that could affect the research project. Interviews offer the RE a greater 
level of access to the research topic. However, the limiting factor is the breath of the study, 
(Figure 3.4).    
 
                Breath of study 
 
 
 
 
 
 
 
 
 
Figure 3.4: Depth of question vs. breath of study (Fellows and Liu 2008) 
 
Semi-structured interviews were used to triangulate the observations, desk study and 
questionnaires. The interviews with members of the sponsoring organisation provided the RE 
with additional detail to issues uncovered during document review, observations and 
questionnaires, with the flexibility to introduce sensitive information. The interviewees 
included a range of construction disciplines ranging from Directors, Project Managers, Design 
Managers to senior management.   
 
A 
B 
C 
Depth of study 
A- Questionnaire, B- Case study, C- Interview 
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3.6.5  CASE STUDIES 
A case study in its most basic form involves the detailed analysis of a single case (Bryman 
2008). It is often related to a single geographic location, but can be used for organizational 
research. Rowley (2002) states that case study methods are most suited for research areas in 
areas where existing theory seems inadequate. Within the context of the contracting 
organisation managing RETs, case studies were identified as an appropriate research method 
to exploit the tacit knowledge created on construction projects. As construction projects utilise 
many stakeholders in the process, case studies provided the context to the project that were 
used in the development of the training initiative. By considering multiple construction 
projects from different sectors it is possible to identify similarities between RET installations 
and knowledge share on projects. Fellows and Liu (2008) believe that various data collection 
techniques are required (archival analysis, observations, questionnaires, etc.) in order to 
complete a case study. 
 
3.6.6  THEMATIC ANALYSIS 
For the components of the research that produced qualitative data streams, namely the 
interview transcripts, workshop knowledge-share sessions within the sponsoring company, 
and observations, it was necessary to establish the main themes related to existing practices, 
perceived barriers and methods of overcoming identified barriers. The data was reviewed and 
coded in order to reduce the quantity of data into more manageable and presentable account 
and to guide future work packages within the EngD. 
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3.6.7 TRIANGULATION 
Triangulation in research projects is defined by Bryman (2008), Yin (1994) and Fellows and 
Liu (2008) as a methodology that uses more than one method or source of data in the study. 
By combining two or more techniques, limitations of each method can be overcome. For 
example, a questionnaire survey can be used to establish the validity of case study findings 
(Fellows and Liu 2008) which enables detailed study results to be compared against a larger 
population. Case study research, in particular, has often been associated with criticism relating 
to generalisations which can be overcome by utilising the strengths of another method. 
Robson (2002) states that the use of triangulation helps the research to get a better “fix on the 
object of survey”. Figure 3.5 highlights the use of both qualitative and quantitative methods to 
form triangulation in research. Bryman (2008) notes that triangulation of observations with 
responses from questionnaires are popular amongst ethnographic researchers as it enables 
cross-checking of findings from quantitative and qualitative research.  
 
 
 
 
 
 
 
 
 
Figure 3.5: Triangulation of qualitative and quantitative data (Fellows and Liu 2008) 
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3.6.8 VALIDITY AND RELIABILITY  
Fellows and Liu (2008) identify internal and external validity and reliability within research. 
Internal validity is the extent to which the structure of a research design enables unambiguous 
conclusions to be drawn from the results (De Vaus 2001). External validity addresses the 
ability of the results to be inferred from one study to another. Reliability, in particular external 
reliability, refers to consistency of a measure over time (Fellows and Liu 2008). There are 
multiple methods to ensure validity and reliability in research. Firstly, this project has adopted 
a mixed methodology to ensure that limitations of one methodology are compensated by the 
other. Secondly, through triangulation of collected data – data will be collected by using 
multiple methods as identified in Section 3.6 above. Thirdly, through peer assessment of 
research papers (conference and academic papers available in Appendices A - E). 
 
In addition to the above methods, the RE used “respondent validation” to ensure that the 
observations of the RE could be corroborated with the interviewees that participated in the 
research individually or within a group. Typically group participation was conducted on 
construction projects with all members of the site-based team. However, not all site team 
members were available at one time in a number of cases which required the RE to be flexible 
to the needs of the participants. This resulted in multiple site visits to some projects in order to 
gain a consensus amongst the participants. In some instances commercially sensitive data had 
to be removed from the reported case studies when they were made available to external 
stakeholders.  The assessment of the training initiative was conducted using a self-assessment 
survey one month after the respondents had completed the training initiative. The results were 
positive towards the initiative within the sponsoring company, however, it was decided that 
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another survey at six months post completion of the training would enable the RE to identify 
if there had been any long-term benefits associated with the training. The results supported the 
first results analysis, indicating that there training initiative would benefit the sponsoring 
company in the future.  
3.7  SUMMARY  
In this chapter research methodologies have been reviewed and the merits of using different 
elements in the research were discussed and justified. The nature of this research project 
necessitated the use of action research as a methodology in order to satisfy the objectives. The 
research aimed at addressing the industrial sponsor’s specific problems, and therefore 
required an approach that was flexible enough to incorporate the goals of the EngD. The 
chosen research methods were also presented in this chapter and are summarised in Table 3.2. 
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Table 3.2: Summary of methods of data collection.
Review past contractor experience 
with RET and sustainable design
S P S 2
Conduct interviews with staff to 
determine the company’s position 
on the integration of RETs
S P 2,3
Conduct case studies on 
construction projects
S P S S
2
Identify the evaluation of projects 
post completion
Review existing use of POE within 
the construction industry 
S P 1
Conduct interviews with FM input 
into the design process
P 1
Survey UKCG members S P 1,4
3
Identify barriers to RETs within 
the sponsoring organisation
Survey design business unit within 
sponsor
P S 3
4
Development and deployment of a 
RET intervention;
Assess level of knowledge within 
organisation
S P P 5
Determine appropriate training 
method
P S 5
Develop e-learning training to 
educate employees and disseminate 
into organisation
S P S S P 5
5
Evaluation of pre and post-
intervention
Analysis of pre and post 
intervention surveys (1 and 6 
month intervals)
S P S S 5
Key Primary Method
Main method used for data 
collection
P
Secondary Method
Supplementary method used to 
complement the primary method
S
Paper No Refers to papers in appendices 1, - 5
Overall Aim: To investigate the sustainable practices within a major UK contractor and develop a system to improve
sustainability throughout the business
O
b
se
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n
s
W
o
rk
sh
o
p
P
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er
1
Review literature on sustainable 
design
P 2Investigate current practice 
towards the management of 
sustainability within contractors
Objective Actions
D
o
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m
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t 
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y
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s
In
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s
Q
u
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n
n
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Deployment of a RET intervention;
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4 THE RESEARCH UNDERTAKEN 
4.1 INTRODUCTION 
This chapter describes the research undertaken to achieve the primary, secondary aims and the 
objectives of the project, as set out in chapter one. It should be noted that the activities of the 
research have been conducted within industrial commitments to the sponsoring company, and 
necessitated a degree of flexibility and interaction between the stakeholders of the project.  
The research project required the RE to immerse himself within the sponsoring organisation 
in order to learn and understand its cultural values and business activities.   
The objectives identified in section 1.4.1 of the research were to: 
1. Investigate the current sustainability practices within the sponsoring contracting 
organisation; 
2. Identify the evaluation of construction projects post-completion;  
3. Identify barriers to RET integration in construction organisations; 
4. Development and deployment of an intervention to the organisations practices; and 
5. Evaluation of the intervention within the sponsoring organisation. 
 
Attendance at departmental team meetings, inter-departmental meetings, and site visits to 
construction projects and business units allowed the RE to immerse himself within the 
company, thus allowing him to build relationships and improve business understanding whilst 
assisting in the collection of useful information on RETs and company practices. These 
formed an integral underpinning foundation for the project.  
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4.2 TAUGHT COMPONENT 
 
The EngD programme requires the RE to complete 180 credits through a series of taught post-
graduate modules comprising group and individual coursework and examinations. These 
modules required the allocation of a substantial portion of the RE’s time, during the first two 
years of the EngD programme. Modules taken as part of this research included: Management 
and Professional Development, Lean Construction, Managing Construction and Project 
Management, Sustainability in the Built Environment, Design Management and Information 
Technology in Construction. 
 
4.3 FIRST RESEARCH CYCLE 
4.3.1  DIAGNOSTIC AND PLANNING – OBJECTIVE ONE 
To satisfy objective one of the research a desk study of the sponsoring company’s sustainable 
practices was conducted, in order to ascertain the current existing sustainable practices of the 
organisation. As the organisation comprised a series of separate business units - design, 
construction and FM - it was decided that the initial study would focus on construction, this 
being the largest business unit. Throughout the research, it was important to ensure the 
industrial sponsor’s requirements were completed in addition to the academic component. 
However, the scope of work had to be limited so that it could be completed within the 
timeframe of the EngD. As such, the review of the sustainable practices within the sponsoring 
company necessitated an assessment of their requirements. For further information refer to 
Paper 2 – Appendix B which presents the methodology adopted for this stage of the research 
and should be read in conjunction with this section of the thesis.  
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An initial meeting held between the industrial supervisor, the RE, heads of departments and 
several senior designers highlighted the need for research on RETs, as there was little 
experience with RETs within the separate business units of the company. As part of the action 
methodology, it was important to establish the current pre-intervention state of the sponsoring 
company.  
The RE conducted a desk study which included a review of recent tender submissions and 
prequalification questionnaires (PQQ), and a list of technologies was selected that would be 
relevant to the sponsoring organisation. This list included biomass boilers, wind turbines, 
photovoltaic (PV) units, ground source heat pumps (GSHP), solar thermal collectors and 
combined heat and power (CHP) units. To validate the list of technologies selected a desk 
study of historic and live projects would be conducted in one region and reviewed by regional 
design managers from the remaining six regions. This confirmed that the selection of 
technologies was appropriate for the company’s needs. Upon confirmation of the list, the RE 
established that the sponsoring company did not collect or manage data on either “live” or 
completed construction projects relating to RETs and other sustainability features. The desk 
study was then expanded to include all regions, in order to assess the situation on the wider 
scale. 
Across all regions, it was found that there was no system in place to record valuable data on 
the adoption of RETs on construction projects. In addition, it was discovered that 
communication between regions, business units and construction projects was limited and 
cultural barriers engrained within the organisation did not facilitate information sharing 
between projects. The RE conducted a series of interviews following good practice (Fellows 
and Liu 2008) with senior managers, heads of departments, quality assurance managers and 
site-based disciplines to establish the sustainable practices within BAM. Whilst conducting 
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the nationwide archival analysis and desk study, the RE completed a number of case study 
reviews and interviews with company employees across a selection of construction projects 
identified by the desk study (Yin 1994). This served three purposes: 
1.) Improve the RE’s understanding of RET integration on construction projects;  
2.) Compile information on projects to promote the research project within the 
organisation; and  
3.) Promote the achievements and experience to clients (externally of BAM). 
 
Through a desk study of existing and past projects, the RE produced a matrix of projects and 
their relevant technologies/ sustainable features (Table 4.1). The RE recorded the existing 
project RET experiences across the company from the desk study and interview process, and 
is provided in Table 4.1. The existing internal intranet system of the company was utilised in 
order to disseminate actual project experience of RETs in-house; however, the lack of 
response for the request for information highlighted the localised culture within the 
organisation. Figure 4.1 displays a screenshot of the company intranet “Assistance Web”.  
A list of topics or discussions within the system is shown on the left of the page and range 
from PV cells, BREEAM, Renewable energy and energy efficiency. The date the discussion 
was started on is shown on the right of the page along with the number of views and replies 
the discussion allocated to each topic. The low number of views and replies on discussions 
dating back ten years shows the limited use of the company intranet as a knowledge sharing 
tool, with only 55 articles being uploaded since 2001 on the subject of sustainability and 
environment. In addition to the limited use by employees, there were also few responses to 
questions posted by company employees thus further highlighting a lack of engagement in 
sharing knowledge. 
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Figure 4.1: Existing company intranet - knowledge share 
 
The desk study identified the numerous construction projects with the specific RETs 
identified internally within the sponsoring company. To afford the schedule some flexibility, 
the RE also recorded additional information not initially requested. This proved useful at the 
later stages of the research for both the RE and the sponsor. The schedule recorded the 
following data: 
 Region 
 contract number 
 completion date 
 case study required 
 project title 
 contact detail;  
 sector;  
 status;  
 value;  
 the six RETs identified 
 several “sustainable features”  
An application for internal IT development was submitted to assist in the development of the 
schedule in the first year of the EngD. However, the application review process was slow to 
respond; therefore the RE continued to manage the schedule as part of the research project. 
Evidence for the value of the schedule quickly became apparent to the company, when it was 
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reported to the industrial supervisors during the monthly progress meetings the number of 
requests for access to the schedule from all regions and pre-construction bid teams. .  
The RE used the RET schedule (Table 4.1) to identify suitable projects to conduct site visits 
and produce case studies (30 no) that captured the site specific data on the six technologies 
under investigation in the research project. The data collected was reviewed by the RE and 
developed into case studies that were used internally to showcase project experience. 
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Table 4.1: Extract from RET schedule of construction projects within BAM 
 
  
Sustainability Options 
      
  Energy Type 
Region 
Contract 
No 
Completion 
Date 
Project Contact Sector 
Project 
Value 
PV 
Solar 
Thermal 
Panels 
Biomass 
Boilers 
Wind 
Turbine 
CHP 
Ground 
Source Heat 
Pumps 
Scotland SCO278 1.11.10 St Euans Primary School ********* ************ Education £10.2m           Y 
Scotland HSC0294 TBC 
Dumfries & Galloway Royal Infirmary 
Redevelopment ********* ************ Healthcare £1,125,884             
Scotland HSC0295 15-Nov-10 
Campbeltown Dental Centre, Campbel town 
Hospital 
********* ************ 
Healthcare £2,000,000             
Scotland HSC0297 17-Jan-11 GRI - A&E Expansion, Glasgow ********* ************ Healthcare £4,000,000             
Scotland HSC0298 22-Oct-10 BAM Properties Princes Street, Edinburgh ********* ************   £1,250,000             
Scotland HSC0301 13-Dec-10 Framework Scotland - St John's Hospital ********* ************ Healthcare £3,104,481             
Scotland HSC0302 TBC Framework - Ayrshire & Arran Bldg. ********* ************   £13,800,000             
Scotland HSC0303 01-Jul-12 Park Mains High School ********* ************ Education £29,500,000             
Scotland HSC0304 04-Jul-13 New Dunfermline High School ********* ************ Education £32,535,302             
Scotland HSC0305 01-Feb-12 Johnston Community Sports Hub ********* ************   £6,340,000             
Scotland HSC0306 01-Oct-12 Linwood Community Sports Hub ********* ************   £22,658,000             
Scotland HSC0307 01-Mar-12 Paisley Lagoon Community Sports Hub ********* ************   £6,361,000             
Scotland HSC0308 02-Sep-11 East Ayrshire Community Hospital ********* ************ Healthcare £2,560,000             
Scotland HSC0309 29-Mar-12 PCT Lochfield Road, Dumfries ********* ************   £4,867,799             
Scotland HSC0310 01-Mar-12 Dalbeattie Primary Care Centre ********* ************ Healthcare £1,626,485             
Scotland HSC0311 01-Mar-12 Dunscore Primary Care Trust ********* ************ Healthcare £937,011             
Scotland HSC0312 TBC Crosshouse Hospital ********* ************ Healthcare £15,200,000             
North 
West NW0253 30.7.10 Liverpool Community College 
********* ************ 
Education £19.6m   Y     Y   
North 
West NW0254 27.6.10 Bolton College 
********* ************ 
Education £41.5m         Y Y 
North 
West NW0256 13.6.10 Bolton Sixth Form College 
********* ************ 
Education £14m           Y 
North 
West NW0259   BAE Systems 611 
********* ************ 
Office £22m     Y       
North 
West NW0251 24.1.11 South Cheshire College 
********* ************ 
Education £58m Y Y         
North 
West NW0252 5.03.12 Culcheth High School 
********* ************ 
Education £24.6m     Y       
North 
West NW0258 7.2.12 West Cheshire College - Ellesmere Port 
********* ************ 
Education £34.5m     Y   Y   
North 
West NW0260 5.4.12 West Cheshire College – Handbridge ********* ************  Education £13m             
RESEARCH UNDERTAKEN 
 
55 
 
As part of the action stage, an online survey was developed and distributed within the 
company to establish the pre-intervention state of the organisation with regard to current 
sustainability practices within a contracting organisation.  
The survey questionnaire gathered information from employees within the sponsoring 
company on their experience and knowledge on RETs as well as the organisation’s approach 
to knowledge management. The questionnaire used a series of open and closed questions to 
elicit the employees’ perspective on the organisation’s current practice, in addition to likert 
scale questions. In accordance with best practice, the questionnaire was piloted with a small 
group of company employees to gauge the content of the survey, testing the wording of the 
questions, identifying ambiguous questions and evaluating the ease of completion (Naoum 
2007). Upon the successful completion of the pilot study, the questionnaire survey was 
distributed electronically to all relevant employees operating in the design and construction 
stage of the organisation (circa 500 people).  
The questionnaire results were collected and analysed in Microsoft Excel using descriptive 
statistics to give averages and correlations for the survey questions. In this way, the situation 
within the organisation could be established prior to the development of any intervention. The 
findings of this pre-intervention survey showed that the organisation did indeed have 
experience with RETs, however this experience, was limited. Overall, the survey revealed that 
the respondents believed that the organisations current practice required improvement, and 
identified training, knowledge share, project case studies and learning from previous 
experience as ways to overcome the barriers to RETs within contracting organisations. 
The findings of the survey were presented to the sponsor through the industrial supervisor and 
strategic supervisor in order to discuss and evaluate the next stage of the research. Whilst the 
majority of respondents had limited individual experience, the desk study had identified a 
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number of projects in each region in which the organisation operated. It highlighted that 
knowledge share within the organisation required improvement.  
4.3.2  EVALUATING PROJECTS POST-COMPLETION - OBJECTIVE TWO  
The RE reviewed the organisations post-completion process at the end of a construction 
project, as part of the diagnostic stage of the research cycle and to address objective two 
(section 1.4.1). The RE identified that the “handover” and aftercare component of the 
construction phase is a perceived weakness of contracting organisations. This finding became 
evident following observations collected through a series of interviews with project managers 
and facility managers within the company during the first year of the EngD. In order to 
improve on current performance, it was necessary to analyse current practice nationally.  
Post-Occupancy Evaluation (POE) was identified as an area typically associated with design 
consultancy disciplines, but could also be an opportunity for contractors to improve their 
reputation with clients whilst learning from their mistakes (Williams et al 2011). It also 
connected well with the aims of the EngD research project as it could provide real-world data 
/ evidence to contractors on recently-completed projects and be tied into the benefits offered 
through continual learning within contracting organisations (Scott and Harris 1998). The 
barriers to contractor involvement in POE were investigated further and supported the 
majority of findings by Turpin-Brooks and Viccars (2006). Namely, that collaboration is 
required within the industry to cause a “step-change” in POE in construction. For further 
information refer to Appendix A – Paper 1, Appendix D – Paper 4  which should be read in 
conjunction with this section of the thesis. 
In order to establish the current state of post-occupancy evaluation (POE), a thorough 
literature review was conducted (see Appendix A – Paper 1). The review of current literature 
was important and served two purposes - to improve the RE’s knowledge on POE, and to 
RESEARCH UNDERTAKEN 
 
57 
 
establish what other research has been conducted in the field. In order to establish the current 
practice amongst contracting organisations similar to that of the sponsoring company, a 
survey questionnaire was distributed to all members of the United Kingdom Contractors 
Group (UKCG). The survey comprised several sections to satisfy the following objectives: 
• Determine issues currently affecting POE involvement by contractors; 
• Gauge opinion from construction professionals on POE; 
• Identify barriers to contractor involvement in POE; and 
• Highlight areas for the contractor to increase their involvement in POE in order to improve 
construction projects  
 
A total of 140 surveys were distributed to UKCG members and a response rate of 37% was 
achieved, with 52 completed questionnaires from 23 construction organisations. The 
respondents included design professionals (Architects, Structural Engineers, CAD 
technicians) contractor disciplines (Project Managers, Design Managers, Quantity Surveyors 
and Site Managers) and Facility Management (Building Operators and Facility Managers). 
The results of the questionnaire were analysed in Microsoft Excel 2010 using descriptive 
statistics to produce averages and determine correlations to the likert scales questions. The 
findings of the survey were triangulated with literature to clarify the extent of the problem 
associated with POE in contracting organisations.  
 
The results of the sponsoring organisation’s POE survey are detailed in Appendix A, Paper 1, 
reflected existing industry practice by comparing the findings of POE surveys distributed to 
the UKCG. This showed that all contractors (within the UKCG) failed to address the 
handover component of the construction process and could potentially significantly improve 
existing practice through a more thorough review of recently completed projects to assess the 
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performance of the building as a whole, and more importantly, any associated RETs. For 
further information see Appendix D, Paper 4, which describes the follow-up interview results. 
 
4.3.3  IDENTIFY BARRIERS TO INTEGRATION OF RETS IN THE 
CONSTRUCTION INDUSTRY – OBJECTIVE THREE 
The third objective was to identify barriers to RETs in the UK construction industry. To 
ensure that any action taken would be of direct benefit to the sponsoring organisation, the 
barriers to RET integration on construction projects required investigation. This was achieved 
through a comprehensive literature review, questionnaire survey and a series of interviews 
with construction professionals within a design consultancy.  
The literature review uncovered the background context to renewable energy in the UK 
construction industry. This background information was validated against existing industry 
practice through a questionnaire survey and interviews with key personnel within the 
contractor and identified numerous barriers to RET integration on new build construction 
projects. For further details of the content of the questionnaire, refer to Appendix C – Paper 3.  
 
The questionnaire was divided into five sections; 
1. Background information 
2. Experience and understanding of the wider sustainability agenda 
3. Sustainability within the case study company 
4. Renewable Energy Technologies used within the case study company 
5. Barriers to Renewable Energy Technology integration into projects.  
 
The literature review identified 17 separate barriers to RETs in the UK construction industry. 
The sponsoring organisation was surveyed and confirmed that a number of the identified 
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barriers were applicable to the sponsoring organisation. The survey was distributed 
electronically through the internal company webmail system with a reminder sent two weeks 
later to ensure maximum participation in the survey. A total of 23 respondents from 52 
employees completed the survey. The survey provided additional background information on 
employee experience within the design business unit and offered a different perspective from 
contractor based disciplines of the pre-intervention survey.  
 
The barriers identified by literature were graded on a scale of 1 – 4 (1 being of low 
importance and 4 being the highest), in addition to employee perceptions to overcoming 
barriers to RETs. Training, research into technologies, increase knowledge on technologies 
and good previous experience were identified as solutions, and were within the scope of the 
EngD programme. The findings of the questionnaire were used within the semi-structured 
interviews with employees to triangulate the responses with existing literature. The results 
were presented to the sponsoring organisation’s sustainability team based in the head office of 
the company for discussion. The outcome of the discussion supported the need for training 
within the organisation on RETs and improved communication and knowledge share. A key 
finding of the survey was the organisation’s perceptions to overcoming the identified barriers. 
Table 4.2 shows the respondent’s perceptions to overcome the barriers to full RET integration 
on new build projects.  
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Table 4.2: Overcoming barriers to RETs 
Which of the following do you think will enable contractors to overcome existing barriers to 
Renewable Energy Technology?  
Response 
Response 
Percent 
Response 
Count 
Training 94.4% 17 
Good previous experience 72.2% 13 
Bad previous experience 33.3% 6 
Research into technologies 66.7% 12 
Case studies 50.0% 9 
Reduced cost of technologies (CapEx) 77.8% 14 
Improvement in contractor culture 38.9% 7 
Senior management leadership 44.4% 8 
Increase knowledge of technologies 72.2% 13 
Improvement of the supply chain 38.9% 7 
 
 
The future of RETs in the construction industry is dependent on designers understanding of 
the technologies. A lack of knowledge and training on RETs within the sponsoring company 
was seen as a barrier to improvement in the management of sustainability. The respondents all 
lacked experience with RETs, although there was general awareness. The barriers and issues 
identified in the literature review were mapped against the sponsor and were validated 
through the questionnaire surveys and follow-up interviews with employees which confirmed 
that the sponsoring organisation was a typical contracting company. More details about the 
about this component of the research can be found in section 5.1.3 and Appendix C – Paper 3.  
 
The diagnostic and planning components of the research identified that, whilst some 
experience of RETs existed within the company, this experience was fragmented across the 
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seven regions and was widely unavailable to other employees and departments. It was 
identified that, within the scope and programme of the EngD, the research should address the 
following: 
 Knowledge share; 
 Learning from experience 
 Training within the sponsoring organisation.  
These points were taken forward in the design of an ‘intervention’ into the company’s 
practices, which is described in the next section (4.3.4).  
 
4.3.4 TAKING ACTION – OBJECTIVE FOUR 
Objective four of the research was to design, develop and deploy an intervention within the 
sponsoring organisation to improve the management RETs through employee knowledge, and 
facilitate a more open approach towards sharing knowledge between the separate business 
units of the sponsoring company.  
The results of the pre-intervention questionnaire are detailed in Appendix E, Paper 5, and 
identified a need to improve sharing of knowledge within the business in order to improve the 
management of RETs within the company. Training and learning from past experience scored 
highly in the pre-intervention questionnaire survey, therefore the company supported on-
going development of a training initiative that would address the barriers identified earlier in 
the research, namely, lack of communication between projects, regions and business to 
improve knowledge on RETs.   
  
The Management of Renewable Energy Technologies Implementations within a Contracting 
Organisation’s Processes 
 
62 
 
4.3.4.1 Renewable Energy Technology Handbooks 
 
The review of existing company practices related to sustainability and highlighted limited 
experience of RETs within company employees. However, this knowledge even if limited and 
experience was not shared openly with the rest of the organisation.  
To enable the information on RETs to be gathered and disseminated within BAM, it was 
necessary to develop user-friendly documentation on RETs that provided technical 
information on system components and which could be used as a reference guide by all 
business units. A working group was set up comprising of the BAM learning & development, 
and environmental champions from the design business unit and RE. The working group 
agreed that a “handbook” format would be most suitable for the BAM site teams and business 
units. The literature reviews conducted on each RET produced data that was of benefit to 
BAM employees, and highlighted the key perceived barriers to RET adoption within 
construction and was used to develop the handbooks. The handbooks were prepared by the 
RE in Microsoft Word 2010, with photographs and figures produced in Microsoft PowerPoint 
2010. These files were converted into Adobe PDF files to avoid software complications when 
accessing the files, following a review by the working group. The content of each handbook 
was specific to each technology and the supporting experience within BAM varied 
significantly between business units and regions.  
 
The handbook information content was collected through existing construction projects and 
comprised of data from interviews and observations. The interviews with site-based 
employees provided invaluable information on the installation, design and management of 
RETs not currently available in the literature. This was achieved by allowing the respondents 
to identify key problems they faced when integrating RETs on their current project. The 
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information gathered from each discipline was used to identify responsibilities and risks 
associated with RETs for future projects. Each respondent involved in the data collection 
stage of the research highlighted that they would have benefited from prior knowledge and 
first-hand experience, as this would have prevented a number of issues and problems 
identified by each discipline. The findings from interviews with design, construction and FM 
professionals, site investigations and photographic evidence was triangulated with existing 
literature on RETs which enabled the research to identify new risks/ opportunities for 
contractors.  
Through gathering the information in a case study format, the research assisted in promoting 
knowledge share within the organisation and created an element of competition between 
regions and projects to generate the most information for the handbook.  
To ensure that the company brand could be applied to the handbooks, a clear and logical 
structure was used. Each RET handbook comprised of three main chapters: Design, 
Construction and Facility Management which enabled company employees (designers, site 
managers, project managers, building services managers, quantity surveyors, facility 
managers etc) to locate information relevant to their discipline quickly and effectively.  
The Design chapter contained information for designers regarding specification, technical 
details; design considerations (imposed loadings etc). This section comprised of many 
different literature sources, the BSRIA guide to Renewable Energy Technologies (Pennycook 
2008) provided background information and technical data. An example of the contents 
structure is shown in Figure 4.2.   
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Figure 4.2: Example RET handbook and contents page 
 
The Construction chapter contained information collected from the site-based discipline 
interviews and case studies. The associated risks and impact on the construction programme 
of installing RETs which were identified during the interviews were highlighted for future 
projects. The final FM chapter provided information gathered from the post occupancy 
evaluation on existing projects managed by the sponsors FM business unit. Figure 4.3 shows 
an example of the technical content provided by the biomass boiler handbook. The fuel for 
biomass boilers is a key consideration for the client and designers to enable a feasibility study 
to be conducted on the project. Following site interviews with FM at several projects, the 
moisture content of the fuel was highlighted as integral to a successful system.   
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Figure 4.3: Example of handbook technical data 
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The handbooks were dependant on the construction projects that were current to support 
industry literature and best practice, and were prioritised in an order so as to benefit future 
projects. 
As a result, the handbooks were compiled simultaneously and were released and revised when 
necessary every four months. Upon completion of each handbook, they were uploaded onto 
the BAM intranet so that they could be accessed company-wide. However, after reviewing the 
number of people accessing the handbooks on the environmental section of the intranet, it was 
identified that the key barrier was users’ ability to locate the documents because of the non-
user friendly interface. This was established through a company-wide survey located on the 
company’s intranet homepage. A pilot evaluation with a number of staff – including, IT, QA 
and site-based disciplines – revealed that the handbooks were deemed to be appealing and 
easy to use, however the low numbers of employees accessing the handbooks was identified 
as being caused by the company’s intranet function, which was not user-friendly and had 
limited functionality.  
This confirmed a commonly experienced problem where a lot of good information and data is 
collected on sites and from experience of employees, nevertheless, fails to become known 
within the company beyond individual projects. Figure 4.4 shows the linear knowledge paths 
currently in place within the organisation from design through to FM, with no current link 
between the FM and Design business units and no formal feedback between any units. The 
size of the balloons in Figure 4.4 indicates the size of the business units in terms of turn-over 
and profitability.  
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Figure 4.4: Knowledge paths between business units 
 
Until recently, FM was the least profitable business unit and subsequently had little influence 
within the company. Since 2012, the FM business unit has more experience and a wealth of 
knowledge relating to the on-going operation of buildings and associated components 
(namely RETs), that should be transferred to the other business units in order to improve the 
performance of the sponsoring organisation in delivering construction projects. Nevertheless, 
the sponsoring organisation has failed to exploit the wealth of knowledge within FM. This 
was further highlighted by limited interaction with the FM business units by the workforce.  
Here, in this section, some barriers to RET knowledge sharing have been uncovered.  
 
4.3.5  EVALUATION OF ACTIONS - OBJECTIVE FIVE  
The fifth objective of the research was to evaluate the intervention to show the impact on the 
sponsoring organisation. This evaluation included a review of the success of the handbooks as 
a means for knowledge sharing within the organisation and the implications for the 
management of RETs and sustainability on future projects. 
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The evaluation process was conducted to provide feedback on the intervention through a 
series of interviews and a workshop of senior management including the industrial sponsor 
and head of training.   
 
Firstly, it was established that only a limited number of employees had accessed the 
handbooks through the company’s intranet system. It was necessary to examine this issue 
before formulating an appropriate response for the second research cycle. Upon further 
investigation, it was discovered that the company intranet had issues regarding access rights 
for employees of different levels of management. It was identified that a different method had 
to be adopted in order to roll out the initiative throughout the organisation without relying on 
the existing internal intranet system for employees to access. 
During the workshop session it was reported that the company intended to roll out a blended 
learning system for future training needs of the organisation. The general conclusion of the 
group was to integrate blended learning with the RET handbooks in order to improve 
knowledge sharing, as it would become a corporate style in the future for all training courses.  
Notwithstanding the barrier to company-wide dissemination of the handbooks, the research 
had established the key perceived barriers to RET adoption within contractor organisations 
and had identified training, knowledge share and learning from past experience as a ways in 
which to overcome these barriers. The development of RET handbooks for the six 
technologies (identified in section 4.3.1) relevant to the built environment and the 
organisation’s key business areas, through case-study reviews on active construction projects, 
highlighted the existing experience within the organisation that required further exploration in 
order to maximise the benefit to the company. 
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The development of an internal RET matrix (RET schedule Table 4.1) was positively received 
by the sponsor, and as a result they, incorporated the matrix into a new resource reporting 
tool.  
 
4.3.6  REFLECTION OF FIRST CYCLE 
Reflection of the first cycle of research has the purpose of providing the RE with insights to 
move the research process forward (French 2009) and to ensure that the objectives (1-5 
Chapter one) were completed. It had not been possible to evaluate the intervention with a 
direct comparison of pre and post-intervention surveys as initially intended, as the sample of 
employees who accessed the handbooks was limited, therefore objective five could not be 
completed to a satisfactory level. This was a key discussion point for the sponsoring 
organisation. To enable the research to have an impact within the sponsoring organisation, a 
new method was required to disseminate the outputs of the research.  
The outcomes of the first cycle included the production of an internal RET schedule that was 
positively received by the sponsoring organisation (objective one), verification of barriers 
affecting the integration of RETs into construction projects (objective three) and the role of 
contractors in POE (objective two). In addition to the above, the reflection stage of the 
research coincided with the completion of the taught modules of the EngD programme and 
annual review with the industrial supervisors. The sponsoring organisation’s future approach 
to training within the company is to integrate innovative tools (e-learning) to support 
employee development which required an initial pilot study prior to national roll-out within 
the organisation. The sponsor required a pilot study for the online training modules to be 
developed on RETS and tested to evaluate the potential for distance learning in a contracting 
environment.  
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4.4 SECOND RESEARCH CYCLE 
 
Following the action research methodology, (diagnose, act, evaluate and reflect (Figure 3.3)) 
it is necessary to conduct a second research cycle to build upon the findings of the first cycle. 
The initial findings of the research highlighted the unstructured approach towards RETs and 
sustainability within the organisation. Following the first research cycle intervention, the RE 
identified that the existing practice within the organisation fostered knowledge retention as 
opposed to knowledge sharing. However, the involvement of construction teams based on site 
with the development of the RET handbooks highlighted the wealth of knowledge that 
existed, yet was underused by the organisation due to poor internal communication. The RE 
reviewed the pre-intervention survey to identify where the second research cycle can address 
the objective and benefit the organisation.  
 
4.4.1 DIAGNOSTIC AND PLANNING - OBJECTIVE ONE RE-EXAMINED 
A review of the pre-intervention survey conducted in the first research cycle was triangulated 
with the responses from personal interviews with key management staff within the 
organisation highlighted the disjointed approach to knowledge sharing. The findings indicated 
that this disjointed approach existed within the regional and national operation through to the 
construction and design business units. The findings highlighted the perceived barriers to 
RETs and assisted in guiding the direction of the research project. The RE also identified that 
the first method of dissemination internally using existing IT infrastructure and intranets 
within such a large contracting company operating across multiple regions was flawed, and 
required reassessment as to how to disseminate the research findings more effectively within 
the sponsoring organisation. 
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Across the sponsoring organisation there is a collective acceptance that sustainability and 
RETs play an important role in the construction process. It is reassuring that the top-down 
message of sustainability has filtered down to all construction disciplines throughout the 
regions.  
  
In addition to identifying the role of POE in the industry, the RE identified limited knowledge 
transfer between the seven regions, from region to central services and from project to project. 
Existing methods of sharing knowledge are limited through the organisation’s knowledge 
web. Deficiencies in knowledge sharing between the seven regions and between individual 
projects in a region with other projects in neighbouring regions are represented graphically in 
Figure 4.5. The regions are identified as follows: SC – Scotland, NE – North East, NE – 
North East, MD – Midlands, WS – Western, SE – South East ,LN – London. Each region 
operates a number of construction projects A-F. The large arrows indicate information flow 
from the central services to the regions; the smaller arrows represent less information 
returning from regions to the central services. 
 
Figure 4.5: Knowledge flow between projects within the construction business unit of sponsoring 
company 
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The company’s current process revealed that there is no formal structure managed by a central 
resource to assess building projects other than a customer satisfaction survey that is 
distributed to clients several months post-practical completion (post-PC). In addition, the 
internal intranet does not promote knowledge share, as it is not user-friendly or intuitive to 
navigate (Figure 4.1 shows limited discussion for a company employing over 2000 people). 
Furthermore, knowledge from FM does not filter through to the organisation as demonstrated 
in Table 4.3 below.  
Over 81% of respondents have no contact with the FM business unit despite the opportunity 
to learn from recently-completed projects. Those that did have some, or regular, contact were 
from a senior managerial level which suggests that high-level communication is better than at 
the level of the majority of the respondents lower down in the company. The low level of 
communication between business units within BAM UK is reinforced by an even lesser level 
of communication with the parent company, Royal BAM. Nearly 96% of respondents had no 
contact with Royal BAM. Upon further investigation, respondents that had some contact with 
other regions and Royal BAM was due to sharing experience for tenders to secure work. This 
represents a prime example of the importance of knowledge management within the 
construction industry, which is further emphasised in a time of economic uncertainty.  
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Table 4.3: Internal levels of contact with FM 
 
Which of the following responses describes your level of contact with the Facilities 
Management business unit? 
Response No of responses Percent (%) 
No Contact 152 81.28 
Some Contact 28 14.9 
Regular Contact 7 3.74 
 
Interaction with the parent company Royal BAM is also limited to a handful of senior staff 
with the majority of respondents (96% of respondents) having no contact shown in Table 4.4. 
In an industry that is reliant on knowledge of individual employees to contribute to bespoke 
construction projects, there is a huge opportunity to learn from experience within the 
organisation, - knowledge that is currently largely untapped. 
 
Table 4.4: Internal levels of contact with parent company Royal BAM 
 
Which of the following describes your level of contact with parent company Royal BAM? 
 
Response No of responses Percent (%) 
 
No Contact 177 95.68 
Some Contact 7 3.75 
Regular Contact 1 0.54 
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In order to provide a necessary link to connect design, construction and FM, there needs to be 
an organisational strategy to learn from past projects. POE offers the opportunity to close the 
knowledge loop between design and in-use (FM), yet the sponsoring company does not take 
advantage of the opportunity of its “turn-key” project approach, the company’s unique selling 
point that is advertised to clients. It also offers the prospect to compare building performance 
between regions and business units that also would enable the comparison of projects 
designed by BAM and third-party consultants to improve future project delivery and RET 
integration.  
During the EngD research project, the sponsoring company commissioned a customer 
perception audit on recent customers. The findings identified a key weakness for the 
sponsoring organisation was the hand-over process and aftercare post-PC and should be 
addressed in order to safeguard the future of the business. Whilst this audit was completely 
separate from this research project, the findings support the recommendations of this research 
project to improve the post-construction phase and improve knowledge sharing. Through 
POE, the organisation can engage with the client and end-users post completion, whilst 
collecting important data on building and system performance. The company should position 
itself to incorporate the upcoming changes to BREEAM 2011 that requires POE to be 
conducted to confirm the performance of a newly-constructed project (BRE 2011).  
Currently, the sponsoring company model operates as shown in Figure 4.6. The feedback 
paths that usually exist between construction and FM are related only to immediate 
“snagging” or defects in construction within the first 12 months post-PC, and are managed 
through limited resources. There is currently no link between FM and design, a finding which 
the RE has identified, following interviews with the head of FM. This is a key area for 
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improvement for the company, namely the implementation of a centrally-controlled 
knowledge management strategy in order to promote learning within the organisation.  
 
 
Figure 4.6: Current feedback paths from FM to other business units 
 
 
4.4.2 TAKING ACTION - OBJECTIVE FOUR  RE-EXAMINED 
Following the results of the diagnostic and planning stage and the findings of the first 
research cycle, the RE developed a training initiative that would be accessible to all 
employees of the sponsoring organisation. The initiative comprised of two parts, an e-learning 
tool that would held on a third party IT server and not stored on the company’s internal IT 
system and a workshop session in a format that would be familiar to site based personnel. The 
research project involved the development of a company-based training initiative to improve 
contractor perceptions towards RETs and capture lessons learnt from experience. These have 
Missing feedback 
path from FM to 
design 
Defects and 
snagging feedback 
path to construction 
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been described in the following papers, Appendix B - Paper 2, Appendix C - Paper 3 – 
Appendix C and Appendix E - Paper 5. 
A phased rollout of the learning management system (LMS) with the RETs modules was used 
as a pilot study to test the functionality of the LMS, usability of the modules, navigation and 
user-friendliness of the system. The roll out was completed with the use of a pilot study group 
formed from a mixture of disciplines to reflect the population of the sponsoring company. 
Following the development of an set of purely electronic training modules, the RE produced a 
workshop knowledgeshare session based upon the handbooks in a Continued Professional 
Development format (CPD) that is familiar with construction professionals which would 
enable the training intiative to be adopted quickly by the organisation.  
 
4.4.2.1   E-learning initiative 
The training initiative component of the research was to develop an in-house electronic 
training initiative (e-learning modules) to educate BAM employees on RETs and disseminate 
lessons learnt from completed BAM projects that integrated RETs, and hence begin to 
facilitate a culture change towards RETs.  Ettinger et al (2006) highlighted the importance of 
considering the end-users familiarity with IT and access to equipment prior to starting e-
learning. E-learning has not been previously used within BAM, and the company is currently 
in the process of improving its IT infrastructure in order to manage future e-learning courses. 
However, for the purposes of this research, the RE surveyed the pilot study e-learning group 
to ensure they had access to IT prior to their involvement in the research.  
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4.4.2.2   Design of e-learning 
The pre-intervention survey distributed in the first research cycle identified that the major 
problem with the current contractor culture was a lack of training, learning from experience 
and knowledge sharing. There are currently no formal bespoke training courses that combine 
practical and theoretical knowledge on RETs within the sponsoring organisation. The design 
phase of an e-learning initiative can consume 70 per cent of pre-launch resources with the 
remaining 30 per cent allocated to testing the system (Ettinger et al 2006). Careful 
consideration was given to the design of the e-learning to ensure that the design was 
consistent and familiar to the intended users already exposed to the RET handbook design and 
the corporate style of the organisation (Roffe 2002). The RE therefore worked closely with 
members of the environmental and learning and development departments within the 
sponsoring company in a workshop. The participants of the workshop (15 in total) were from 
a range of contractor disciplines, including support services IT, Quality Assurance, 
Environmental Advisors, Designers and site-based personnel (Design / Project and Building 
Services managers). They were selected for their perspectives from each discipline (e.g., site 
logistics/ buildability implications from site/project managers, specifying and technical issues 
from designers etc.) as well as their differing learning styles and location within organisation. 
The purpose of selecting individuals within each region was to ensure that the IT 
infrastructure could support the e-learning training (e.g. sufficient bandwidth on construction 
sites and in offices to allow employees to access the multimedia content in the e-learning, the 
availability of IT hardware such as laptops and desktop machines which is a common issue 
amongst project-based industries). The workshop provided feedback through workshops and 
email during the pilot study phase of the training initiative (e-learning and follow-up 
workshop). It was identified by 55% of the respondents to the survey that the focus on 
increasing knowledge sharing within the company, training, research into RETs and learning 
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from previous experience would maximise the impact of the research by addressing and 
overcoming the barriers and act as a mechanism to affect change within BAM (Section 4.3.2 
Table 4.2 and Paper three). Whilst reduction of costs scored just as important as case studies 
and increased knowledge share, it was deemed to be out of the scope of this project due to 
time and funding constraints and therefore was not addressed in this thesis. Workshops were 
used to develop the training material based upon the raw data gathered throughout the first 
two phases of the project (See Appendix E – Paper 5 for more detailed description of the 
development methodology). The content from the handbooks was used to form the structure 
of the e-learning as employees had become accustomed to the style and content, and changing 
the format and content was deemed detrimental to the education initiative. Figure 4.7 shows 
the landing page users see when they log onto the system 
 
 
 
 
 
 
 
Figure 4.7: E-learning log-in page 
 
The Learning Management System (LMS) is accessible through a log-in page. Every 
employee within BAM has a unique username and password generated by the LMS to enable 
access to discipline-specific training modules.. It contains specific information on the courses 
available to the individual, a calendar of upcoming training courses, completed courses and 
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contact information for assistance on using the system. As shown in Figure 4.8, each module 
has a progress measure as it is possible to leave a module mid-way through the course - an 
important feature, as it was discussed at an early stage that users needed the freedom to leave 
the course and to return in their own time. As the course was designed to be accessed by site-
based individuals, this feature was critical to maintaining interest and ensuring users could 
complete the course without having to restart every time they were interrupted. 
 
  
Figure 4.8: Landing page for e-learning system 
 
Each employee has access to a number of courses relevant to their discipline, in addition to 
several mandatory courses, including health and safety and environmental modules. The 
sponsoring organisation decided that the RET modules would be initially voluntary to 
complete in order to analyse the LMS. The results of this research project will influence the 
future development of future modules using a combination of technical data, literature and 
employee experience.  
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When the user accesses the RET modules (Figure 4.8), they are introduced to the module 
through a standardised homepage (Figure 4.9), which explains the purpose of each module, 
the aims and objectives, and, most importantly, it identifies the benefits of the course.  
 
 
 
 
 
 
 
 
 
Figure 4.9: RET e-learning course homepage at access portal 
 
The introductory part of the course (see Figure 4.10) shows the user how to navigate the 
system to ensure that users enable the audio output for the module. 
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Figure 4.10: Instructions and course navigation page 
 
The system uses both visual and audio commands to show the user how to navigate the 
system, and has been designed in the organisation’s corporate style that will be replicated on 
future training courses to maintain continuity through online learning modules.  
The course utilises a series of knowledge checks throughout the modules (Figure 4.11), the 
purpose of which are to improve the user’s knowledge of the subject and encourage them to 
progress through the course, rather than to act as an assessment as this is covered separately at 
the end of the course (Figure 4.13).  
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Figure 4.11: Example knowledge-check page 
 
The course provides the user with background information on the RET, including the history 
of the technology, multiple configurations of system components, positive and negative 
attributes, system operation (how it works) and relevant project experience (see Figure 4.12). 
The use of theoretical knowledge on the technologies, combined with the interative nature of 
e-learning, enables the system to be of interest to the different learning styles, as identified by 
Kolb (1984). The user is assessed on their understanding of the system through a randomised 
set of ten questions stored in the LMS on each RET. The questions were created by the RE as 
part of the RET handbook development, and were based on case study projects investigated as 
part of the research. Upon successful completion of the final assessment, the user can progress 
to the remaining modules. If the user achieves a score lower than 80% from the randomly 
selected questions stored within the system (developed by the RE) they are unsuccessful. As a 
result the user is requested to review their responses to the corresponding areas of the course 
prior to attempting the assessment again. 
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Figure 4.12: Background and RET configuration page 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.13: Assessment completion page 
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A mark rate of 80% was required for each RET module (Figure 4.13). Originally the system 
was designed using a 100% pass mark, however the training department proposed a lower 
mark that aligned with existing internal training. The purpose of the course is to improve 
understanding of RETs via an interactive approach without discouraging users from 
developing their learning and knowledge. It was deemed that a pass rate of 100% would 
discourage employees from continuing the training. The system enabled a degree of flexibility 
with the pass rate function and could be altered at a later date if required. The assessment 
component of the e-learning system randomly generated a set of ten questions from a bank 
store within the LMS created by the RE. These included RET factual statements identified in 
the literature reviews in a variety of question formats ranging from Yes/No, multiple choice, 
fill in the blank, matching and drag, sequence drag and drop and word bank, within the 
system. The purpose of the randomised question generation by the system was to prevent site 
teams - or individuals from - colluding with others while accessing the training modules, as it 
would affect individuals’ learning. 
The course scores are available for the Learning and Development (L&D) department to view 
and monitor the progress of individuals and the effectiveness of the LMS within the company 
and to design future modules for other departments. 
 
4.4.2.3   Workshop knowledge-share 
  
The final component of the training initiative is the knowledge-share workshop. The 
workshop served two purposes: to enable the capture of lessons learnt from employees, and to 
evaluate the e-learning component. The workshop session was designed to align with existing 
continued professional development (CPD) courses, as the target population were already 
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familiar with the structure. The aim of the workshop was to address the learning/ concerns 
that employees had with the individual technologies to which they were exposed to during the 
e-learning component whilst providing the users an opportunity to evaluate the training 
initiative. The format of the CPD session was structured so that it fitted in to the one-hour 
lunchtime format so as to overcome a significant barrier to any construction training course - 
time. A lunchtime format therefore received support from senior site-based disciplines for 
voluntary participation, in addition to attracting a mixture of disciplines. The outcome of the 
workshops component informed the RE about elements that should be improved for future 
revisions of the modules. 
 
4.4.3 EVALUATION OF ACTIONS - OBJECTIVE FIVE RE-EXAMINED 
Following the roll-out of the LMS and the workshop sessions, to complete objective five, the 
RE conducted a post-intervention self-assessment survey and a series of semi-structured 
interviews to establish the users’ satisfaction with the training through a new electronic 
medium, the appropriateness of training content on RETs, and the effectiveness of self-
assessment of respondent’s knowledge improvement on RETs. The same questionnaire used 
for the pre-intervention survey was distributed to members of the pilot study group. A 
response rate of 52% was received on the follow-up study and a comparison of responses 
from the pre-intervention survey was conducted. Lastly, the RE conducted ‘one-to-one’ 
interviews with a selection of pilot study members six months after the training workshop to 
review the effectiveness of the initiative to enable employees to retain knowledge and share 
knowledge within the company. 
The majority of the users were impressed with the e-learning initiative as a dissemination tool 
within the company and 100% of respondents believe the initiative had a positive impact on 
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attitudes towards RETs within the organisation. There were comments relating to the 
voiceover for one of the modules due to pronunciation of words and the tone of voice. This 
was revised for the remaining modules by changing to a professional voice-over specialist and 
was also a recommendation to the company regarding the future production of e-learning 
modules. 
The self-assessment survey gave the users the opportunity to evaluate their own learning and 
improvement in their knowledge of RETs. The key finding from the self-reported survey was 
that there was a great improvement from nearly all participants. The results were validated by 
the assessment component of the e-learning system that randomly generated a set of ten 
questions from a banked store created by the RE. These included RET factual statements 
identified in the literature reviews in a variety of question formats ranging from Yes/No, 
multiple choice, fill in the blank, matching and drag, sequence drag and drop and word bank. 
The purpose of the randomised question generation by the system was to prevent site teams - 
or individuals - from colluding with others while accessing the training modules, as it would 
affect individuals’ learning. 
The content of the system requires modification in order to improve knowledge levels to an 
expert level: this is partly due to the limited project experience within the organisation in 
which others can share and learn. It is acknowledged that individuals may be modest with 
their self-assessment of abilities and knowledge. However, the knowledge checks and 
assessment within the system indicate that all users of the pilot study passed the assessment 
with 80% or higher correct answers. Whilst this shows that the training initiative had a 
positive impact in raising awareness and knowledge on RETs within the organisation and on 
improving knowledge share through utilisation of real POE data and project reviews from 
each region, unobserved external factors may have also affected the respondents’ perceptions. 
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Respondents could have been transferred onto a more “sustainably conscious” project, had 
additional training without declaring this to the RE/ training department, redundancy 
notification or an undisclosed agenda relating to RETs and training in general. 
In the follow-up interviews conducted with the pilot study group after the training 
intervention, the employees reported feeling more confident about discussing RETs with 
clients and subcontractors. An area of interest identified by all but one interviewee was the 
use of “real projects” to provide the background theory of the technology within the context 
of the sponsoring organisation.  
Each interviewee identified that integration of project data from different regions within the 
organisation was a major benefit of the training. The integration of inter-regional experience 
is not currently readily available to site-based staff on existing training courses. In addition to 
learning from internal experience, the interviewees highlighted that their input into the 
knowledge share and training initiative was an effective method in which to engage with staff 
who feel separated from central services and other regions. It was highlighted to the RE that, 
more often than not, ideas and good practice are sent through to central services from projects 
and or regions and are not distributed across the company; as a result, employees become 
dispirited and any motivation for sharing experiences and ideas is consequently greatly 
reduced. This was identified by several interviewees across multiple regions throughout the 
research with the recurring question “what will happen to this information then?” By 
integrating the project experience from an existing workforce within the training initiative, 
there has been increased positivity towards providing information for future e-learning 
modules and knowledge share workshops.  
The RE conducted another review of the pilot study group six months after exposure to the 
training initiative. The purpose was to assess the extent of knowledge retention following the 
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training initiative. The same post-intervention survey was distributed electronically through 
email to the same pilot study group to enable self-assessment of their knowledge. The survey 
received a response rate of 75% (12 people) with results indicating that there is a need for 
users to refresh their knowledge on the course. Only a third of respondents felt confident in 
scoring the same or higher score in the assessment component of the study. Triangulation of 
the results from the surveys and literature are presented in Chapter 5 and Appendix E – Paper 
5.  
4.4.3.1 Cost Benefit Analysis 
In order to examine further the extent to which an e-learning training initiative would be of 
substantial value to the sponsoring organisation, a cost benefit analysis was conducted. The 
costs associated with running an e-learning initiative in comparison to a traditional training 
method are shown in Table 4.5. The exact commercial information relating to the 
development of a company-wide LMS was not available from the IT department of the 
organisation. Therefore, the head of the learning and development department provided cost 
data of the RET modules if it was outsourced to a third party training course consultant.  
Table 4.5: E-learning cost analysis 
Delegates available 
Basis of 
labour costs 
Average 
annual 
Salary 
Overhead 
at 17.5% 
Working 
Days 
Cost per 
day 
500 
Delegate 
salary  
£22,500 £3,375 220 £117.61 
e-learning costs 
Set-up cost 
(sponsoring organisation already had 
LMS)  
- 
Costs of LMS (Including six modules at £1,500 per module) £24,500 
LMS licensing (£6,000/ year - based on 20 modules) 
 
£1,800 
On-going running costs 
(Administrator £6,000/ year - based on 20
modules)) 
£1,800 
Cost to deliver 6 module e-
learning (based on completing 2 modules/ day) 
 
£19,602 
Delegate time to complete 
modules 
    
£176,420 
Total cost to deliver e-learning RET modules £196,002 
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Table 4.6 shows the costs of the face-to-face training for the sponsoring organisation, and at 
the end of the table the costs of face-to-face training versus e-learning are compared. 
Assumptions were made on the costs associated with travel for employees and training staff 
from external consultants.  
 
Table 4.6: Traditional training cost analysis 
 
 
Costs associated with running face-to-face training 
Direct costs 
      (venues, external trainers (£2,000/ day), refreshments 
  
120,000 
(500 people.34 sessions of 15 people per session) 
     
Delegate expenses  
(to cover travel, accommodation and subsistence estimated at £40) 
 
60,000 
      Tutor costs  
     (based on 1 day per event to enrol delegates, send emails, prepare 
documentation, administer knowledge tests 
        Cost to deliver 6 modules 
   
£175,500 
Total costs for face-to-face training       £355,500 
      Face to face training 
    
£355,500 
e-learning         £196,002 
Cost saving      £159,498 
 
In order to compare training courses on a like for like basis, the most appropriate method 
involved associated cost. The cost for the e-learning LMS is significantly lower than the 
traditional face-to-face training. A total of 500 employees were used for this analysis, as this 
is the targeted population to receive the RET e-learning training. This does not stop the 
sponsoring organisation from utilising e-learning for more broad themes relevant to all 
employees. Constraints of this research meant that it was not possible to compare the long-
term analysis of traditional learning vs e-learning, however, research by Singh (2003) and 
Zhang and Nunamaker (2003) suggests that e-learning is as effective at communicating the 
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relevant training material as are traditional methods. However, the costs associated with e-
learning are much lower, (as shown in Table 4.5 and 4.6) which offer significant benefit and 
return on investment for the company. In addition to this, McGuire and Gubbins (2010) 
identified that the movement away from traditional learning mechanisms, where the users are 
‘drip-fed’ information from a lecturer, but towards an environment where learners experience 
a range of learning delivery styles identified by Knowles, Holton and Swanson (1998) is 
gathering support. 
The research findings highlighted a requirement for refresher courses after six months to 
ensure that employees are confident in scoring similar or higher scores and can retain the 
knowledge delivered in the training initiative. This has cost implications for future training on 
RETs within the organisation. Once the e-learning modules have been developed and 
deployed there are no on-going costs other than minor administration. Traditional lecture/ 
tutor based training costs are significantly higher than the e-learning and would have 
significant implications on the funding of the training department if additional training is 
required at six month intervals. During an economic recession, construction organisations 
have to save costs where possible, the research has shown the significant cost savings that can 
result in the investment in e-learning as an alternative to traditional training methods.  
 
4.4.3.2 Carbon Implications 
In addition to the financial cost benefit analysis, it was considered appropriate to also assess 
the impact of the training initiative in terms of carbon savings. E-learning is a viable approach 
to reduce carbon emissions within large organisations as well as reducing travel related costs 
(fuel, lost time etc.). Table 4.7 shows the amount of carbon that could be saved for completing 
the e-learning component instead of a traditional training course assuming that each employee 
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has to drive to a central location within their region of operation (typically regional office) 
and an external trainer is sourced to provide the training course. Exact figures for individual 
training courses were not available from the sponsoring organisation, therefore average 
figures were used and confirmed by the training department as typical for a similar training 
course. Assumptions have been made regarding the duration of the module with a maximum 
of one hour, although several of the pilot study group completed the module within two hours. 
The implication is that the carbon emissions for the e-learning could be higher than 
anticipated; nevertheless, it is unlikely that this would have a significant impact on the overall 
figures (27.5kg for e-learning and 39,171kg for traditional training). 
 
The use of e-learning instead of traditional training will be of direct benefit to the sponsoring 
organisation, due to requirements to reduce carbon emissions associated with conducting 
business which is targeted by the Kyoto Protocol and the Climate Change Act 2008 (CCA). 
As stated previously, the construction industry is responsible for almost 47% of CO2 
emissions for the UK (BIS 2010) which is a significant figure that the construction industry 
needs to address. Table 4.7 shows the carbon savings for utilising the initiative in a project 
oriented organisation. 
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Table 4.7: Carbon comparison for face-to-face versus e-learning within the organisation 
Average km travelled for training course 
by individual employee to training venue (regional 
office) 
 
128 Km 
 
Typical Car Carbon Emission 
 
204
1
 g/CO2e/km 
 
Carbon per training day per individual 
 
 
26.12 Kg 
Three days of training @ 20.48kg per individual 
 
78.342 Kg 
 
Total for 500 employee training   39,171 Kg/CO2 
    Cost of electricity for e-learning 
2
 
 
0.524  kg/CO2/kWh 
 
Time to complete 1 module 
 
1 Hour 
 
Watts used by Laptop  - 35 Watts 
 
No of people completing e-learning – 500 
 
52.5 kWh 
CO2
 
generated by completing e-learning   
 
27.5 kg CO2 
1+2 
Value provided by http://www.defra.gov.uk/publications/2012/05/30/pb13773-2012-ghg-conversion/ 
 
4.5 SUMMARY 
 
This chapter has presented the tasks completed in order to achieve the aims and objectives 
identified in Chapter One. The research project was broken down into two research cycles to 
address the methodology adopted for each stage. Although several studies have shown the 
importance of knowledge management and organisational learning with respect to RETs, little 
attention has been paid by contracting organisations in the UK construction industry. As a 
contracting organisation that employs multiple disciplines – ranging from site and office-
based roles to apprentices, graduates, design management, planners, quantity surveyors, 
project managers, and senior engineers through to regional construction managers – it was 
necessary to ensure that the research benefitted individuals across all disciplines in order to 
have a positive impact on the organisation’s culture. It was envisaged that the research would 
provide the organisation with a new approach to capturing employee knowledge and 
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disseminating it across the company. The research project proved to be an effective training 
tool but also developed a more open culture towards sharing knowledge as a direct result of 
the initiative. It highlighted the need to engage with the workforce of an organisation in order 
to improve knowledge sharing and deliver effective training, which has been achieved 
through the use of e-learning implemented by this research. 
Following the evaluation of existing company practices, the project has been further 
developed, with deployment of a training initiative to improve knowledge on RETs and 
knowledge share within the business. The reader is referred to the accompanying peer 
reviewed papers (Appendix C- Paper 3 and Appendix E – Paper 5). The findings are 
discussed further in Chapter Five.  
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5 FINDINGS  
This chapter presents the findings of the different components of this EngD research project. 
The company’s pre-intervention practices are discussed (existing sustainable practice within 
the organisation), key barriers to RET integration and the post-intervention impact on industry 
practitioners.  
 
5.1 FINDINGS OF THE RESEARCH 
5.1.1   INVESTIGATE SUSTAINABLE PRACTICES WITHIN THE ORGANISATION 
A key component of the research was to identify and establish how the sponsoring 
organisation viewed and managed RETs within the business. Through interviews with senior 
management across three business units within the sponsoring company, it was uncovered 
that there was an underlying acknowledgement that RET integration on projects was sporadic 
and wholly unmanaged. The findings highlighted a disjointed approach to the management of 
RETs across the three business units within the organisation. This was compounded by poor 
awareness of RET experience, installation and maintenance considerations across all 
construction disciplines in the seven regions of the construction business unit. The findings 
from the first research cycle highlighted an unstructured approach towards the management of 
RETs on construction projects (Cooke et al 2007). The general findings from this study 
support previous work by Cooke et al (2007) and Wolstenholme (2009), namely, a lack of 
RET adoption within the construction industry and in particular, by large building contractors.  
 
During the EngD programme, the company had continued to manage an out-dated knowledge 
management system called the Knowledge Web (shown in Figure 4.1), which was used 
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intermittently by company staff. The pre-intervention survey distributed within the sponsoring 
organisation was used as a baseline for future comparison (see Appendix E - Paper Five). The 
pre-intervention survey elicited a number of important findings from the employees of the 
sponsoring company, and enabled a comparison of responses with the pilot group set up to 
test the initiative after a training intervention. The response to the Likert scale questions 
revealed that: 
 Only 10% of respondents actively use the company’s “knowledge web” system to 
share knowledge, less than 2% use central services, and over 23% use Google or other 
internet sites to find information; 
 92% of employees had not received any formal training on RETs relevant to the built 
environment (8% received training as part of a university degree); 
 Knowledge on RETs was limited within the organisation, with 68% scoring little to no 
knowledge of photovoltaics (PV), 73% scoring little to no knowledge of biomass 
boilers and 70% scoring little to no knowledge of ground source heat pumps; 
 Learning from other projects within the organisation is an area of concern - learning 
from projects regionally scored 61% ‘average-poor’ with only 33% scoring ‘good-
very good’ whereas learning from BAM projects national activity scored 74% 
‘average –poor’ and only 15% scoring ‘good-very good’ (which could be attributed to 
poor communication between regions and business units); 
 Whilst project teams regularly interact with each other (81%), regular interaction with 
other project teams in the region was lower (65%), interaction with other regions was 
very low (2-5%) and interaction with other business units (Design, FM etc.) was just 
as low  at (4-10%); and 
The Management of Renewable Energy Technologies Implementations within a Contracting 
Organisation’s Processes 
 
 
96 
 
 96% of respondents had no contact with colleagues at parent company Royal BAM. 
 
During discussions with site-based staff, it became apparent that knowledge was not being 
transferred from the individual to the overall organisation, when relying purely on the 
company’s “knowledge web”. It appeared that the organisation had the IT capability to enable 
the transfer of knowledge, but it was insufficient for users’ needs and as a result the existing 
culture fostered knowledge retention. This finding supports the work by Pyöriä (2005), who 
stated that technology alone was insufficient to maintain competitive edge in business, and 
that human capital should be maximised, especially during an economic recession.  
The completion of a multiple case studies on live construction projects to capture knowledge 
with site based disciplines demonstrated the value of shared knowledge through the rest of the 
organisation (see Appendix E – Paper 5).  
The findings of this work package led to the conclusion that the pre-intervention state of RET 
management within the sponsoring organisation was inadequate and required improvement. 
This was achieved through the development of a specific reporting tool used to capture RET 
experience (see Appendix B – Paper 2). The industry is driving contractors to deliver 
sustainable buildings that integrate RETs; as a result, contractors have a steep learning curve 
to ensure they can deliver these projects. Collective knowledge is fundamental to minimise 
defects and meet clients ever challenging targets.  
 
5.1.2   CONTRACTOR INVOLVEMENT IN POE 
The next component of the research was to investigate contractor involvement in POE, as it 
was identified in literature as a way to evaluate the performance of buildings. This linked to 
the sustainability agenda – BREEAM assessments will require contractors to provide 
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evidence that the building performs as designed for future projects.  POE offers contractors an 
approach to evaluate the buildings performance as a whole and building components like 
RETs for use in future construction projects. Furthermore, in order to improve the 
management of RETs during the construction process, the research attempted to engage the 
construction business unit with POE to review the buildings performance and that of system 
components e.g. RETs to inform future projects. Nevertheless, failure to transfer knowledge 
acquired from POE within the organisation and through a systematic approach to employees 
managing the design and installation of RETs on individual projects, will result in errors 
reoccurring on future projects across regions and business units. The approach taken by this 
research has combined POE to learn from projects, and through the use of a progressive 
training initiative, feed forward to new projects throughout the company’s regions and 
business units, showing real-world application. 
 
The outcomes from this research objective identified the following; 
 Within the industry, among large national contractors, POE is not fully understood or 
implemented as standard to improve construction projects; 
 The industry acknowledges that POE is beneficial to the client, but within contractor 
organisations there is no financial incentive to evaluate their own construction projects 
or actively learn from their experience; 
 Little value is apportioned to knowledge sharing within contracting organisations if 
there is no direct link to financial reward; 
 Regional structure within the sponsoring company created knowledge silos which 
remained untapped by the organisation as a whole; 
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 Complacent attitudes towards reviewing projects post-practical completion (PC) 
within the sponsoring company – post-project reviews were often not completed due 
to increased pressure to continue onto the next project;  
 Organisations still operate under a linear model of design and build (D&B) even 
though this has been identified as a redundant model whilst ignoring a major element 
– building operation; 
 New-build projects will be forced to conduct a POE study to meet the BREEAM 
requirements which will be the major driving force for POE. Contracting organisations 
that remain competitive will incorporate building evaluation to prove their ability to 
deliver sustainable projects;  
 Knowledge management within the company was identified as an area of weakness 
that could partly be addressed by adopting a POE strategy for future projects and 
managing project-generated knowledge more effectively; 
 An effective knowledge management strategy would enable contracting organisations 
like BAM to learn from past experience across the group, rather than be restricted to 
localised knowledge within autonomous business units; 
 Currently, the industry is under-equipped to maximise the benefit of POE studies on 
new projects; 
 The response from the POE survey and interviews with members of the UKCG 
suggest that all members misunderstand POE and the benefits it can offer the industry. 
Interpretation of POE from each contractor suggests that the sponsoring company is a 
typical contractor within the industry (See Appendix D – Paper 4). 
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5.1.3   BARRIERS TO RET INTEGRATION 
One of the most crucial elements to identify RET uptake within the industry was the 
identification of barriers that are inhibiting the widespread adoption of RETs in the 
construction industry. Barriers affecting the uptake of RETs within the sponsoring 
organisation were identified by the RE (see Appendix C – Paper 3), with the most common 
barrier being – capital cost of the technologies. This research project identified that barriers 
preventing wide-spread RET integration were specific to contracting organisations, 
contradicting existing research into consultants and FM by Turpin-Brook & Viccars (2006), 
Painuly (2001) and Verbruggen et al (2010).  
The key findings of the barriers to RET objective included: 
 Over 82% of respondents had little to know knowledge on RETs within the 
sponsoring organisation; 
 18% believe that training will overcome barriers to RETs in construction, 15% 
identified learning from previous experience, 12% believe that increasing knowledge 
sharing within contractor organisations and 12% identified the use of case studies as a 
major means to overcome barriers to RETs; 
 Employee knowledge sharing within the company was identified by the research as an 
area that should be improved. A tool was developed that enabled  Whilst 80% of 
respondents regularly share knowledge within the confines of a construction project, 
that number falls to 22% within the respondents region, and falls further to 4% when 
sharing with other business units such as FM or parent company Royal BAM 
 The main barrier perceived by contractors towards RETs was cost – which increased 
in priority during the economic recession – and a number of construction projects 
monitored by the RE succumbed to value engineering and the eventual elimination of 
RETs, as they were viewed as an optional extra rather than integral to the building 
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performance (see appendix B – Paper 2). However, the sponsoring company’s 
underlying issue was the management of knowledge across the business. This is an 
area for further research within contractors.  
 Whilst cost was highlighted as the biggest barrier, few within the sponsoring company 
were aware of the government’s financial incentives – Feed In Tariffs (FITs) and 
Renewable Heat Incentives (RHIs) – and the research highlighted a need for an 
education / awareness programme within the company in order to improve knowledge; 
 Poor understanding and technical knowledge of RET systems amongst designers and 
across all construction disciplines was also highlighted; 
 Cultural barriers within contracting organisations inhibit the progression of RETs, as 
many professionals are unwilling to adopt new approaches in favour of “tried and 
tested” solutions; the case study used in this research project (see Appendix  identified 
that new RET subcontractors and suppliers are met with scepticism and caution 
(Wolstenholme, 2009; Egan, 1998; Latham, 1994; Cooke et al, 2007);  
 Social barriers centred on a gap in skills knowledge, demonstration and community 
engagement. Knowledge share within the sponsoring organisation was also identified 
as a barrier to adoption of RETs. Individual regions were not aware of experiences 
with RETs within the various business units, which prevented others learning of new 
experiences; 
 Immature technology markets have also prevented the penetration of RETs across the 
industry – contractors’ source plant and materials through competing suppliers with 
lowest cost being the priority but limited suppliers of RET equipment has forced 
managers of many projects to remove the technology as opposed to accepting the risk 
of an unknown supply chain; and 
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 Technological barriers, including a lack of standards (particularly for biomass fuel), 
codes, certification and skilled installers (somewhat addressed through the 
Microgeneration Certification Scheme (MCS)) has not improved contracting 
organisations perception towards RETs. 
 
5.1.4   APPLICATION OF A LEARNING INITIATIVE WITHIN THE 
ORGANISATION 
Construction organisations need to ensure that support is given to site based disciplines the 
opportunity to share their experiences within the company. Dissemination and knowledge 
transfer back to the colleagues is integral to organisational learning within a project-based 
industry. The evidence from this research highlighted the need for organisations to develop 
their employee’s knowledge on RETs, but at a higher level, should foster a culture to share 
knowledge with others in the company. As man management is fundamental to contractor’s 
core business, resources should be allocated to sharing experiences to improve person to 
person knowledge transfer, which will reduce defects and increase profitability and efficiency 
of construction projects. As discussed in the first recycle attempted to overcome the issues 
identified in the pre-intervention survey through disseminating internal experience of RETs 
through the development of a series of handbooks with minimal success. The second research 
cycle addressed the issues raised by the previous research cycle through an e-learning 
initiative and demonstrated how to overcome cultural barriers within an organisation towards 
RETs.  
The questionnaires administered at one and six months after the intervention (Appendices G, 
H and E – Paper 5) along with a final workshop were used to evaluate the impact of the 
initiative on employee knowledge retention. The findings indicate that the training 
intervention had a positive impact on the sponsoring organisation, the evidence for this is 
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shown in Figure 5.1 which shows the users levels of satisfaction with the e-learning one 
month after completion of the modules.  
 
 
 
 
 
 
 
 
 
Figure 5.1: User satisfaction with e-learning 
 
The majority of the respondents were satisfied with the style and content of e-learning 
component and as a method to share knowledge within the organisation. The training 
initiative succeeded in engaging with employees, with the majority of interviewees 
emphasising the benefit of utilising in-house company experience and learning from previous 
site teams. There were comments relating to the voiceover for one of the modules due to 
pronunciation of words and the tone of voice. This was revised for the remaining modules by 
changing to a professional voice-over specialist and was also a recommendation to the 
company regarding the future production of e-learning modules. 
The initiative’s impact on the respondents evaluated one month after participation showed an 
improvement in RET knowledge across the majority of respondents (shown in figure 5.2) 
through the post-intervention survey.  
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Figure 5.2: Impact on knowledge one month after training initiative 
 
The content of the system requires modification in order to improve knowledge levels to an 
expert level: this is partly due to the limited project experience within the organisation in 
which others can share and learn. It is acknowledged that individuals may be modest with 
their assessment of abilities and knowledge. However, the knowledge checks and assessment 
within the system indicate that all users of the pilot study passed the assessment with 80% or 
higher correct answers. Whilst this shows that the training initiative had a positive impact in 
raising awareness and knowledge on RETs within the organisation and improving knowledge 
share through utilisation of real POE data and project reviews from each region, unobserved 
external factors may have also affected the respondents’ perceptions. 
 
The post-intervention survey was repeated six months after the training initiative in order to 
evaluate the long-term retention of knowledge by company employees after receiving 
training. The findings from the six-month survey corroborated the previous (post one month) 
survey findings and showed a positive impact within the . Employees showed a minor dip in 
knowledge of RETs see Figure 5.3). Figure 5.3 shows the response gathered from the one 
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month and six month review of the training initiative. On the whole, the respondents still 
showed knowledge retention after six months and were positive towards the training 
initiative. Only a third of respondents felt confident in scoring the same or higher score in the 
assessment component of the study.  
 
 
Figure 5.3: Impact on knowledge at one month and six month intervals after completing training 
initiative 
 
However, some respondents did show a decrease in improvement across the three modules 
reviewed, which suggests that a refresher course is needed at six months in order to maintain 
higher awareness of RETs. A refresher course would also assist in organisational and culture 
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change within the sponsor with periodic reviews the system can be used to benchmark 
experience, assessment scores and develop knowledge share over time. The only negative 
response from the survey identified issues with the IT equipment and infrastructure. This was 
further investigated and it was found that the construction site the user was accessing the e-
learning had a limited connection that was slower than other sites in the region. This was 
reported to the IT department to address the problem as it was outside of the scope of the 
research project. It is an issue that could affect the roll-out to all regions and projects if it is 
not addressed by the sponsoring organisation.  
After this finding was identified, a cost benefit review was conducted to examine the cost and 
carbon implications for the company holding regular training sessions. This was done by 
comparing the e-learning tool with a traditional training course i.e. classroom/lectures by a 
competent industry professional.  
 
The key findings of the intervention within the sponsoring organisation are likely to be (based 
on evidence that BAM is a typical contracting organisation) applicable to other project based 
organisations include the following; 
 An e-learning training initiative combined with a follow-up workshop session is a 
useful tool to engage with a dispersed project-based workforce; The training initiative 
was successful in its aim of improving employee attitudes towards RETs and 
increasing knowledge share between regions; 
 In order to engage with the maximum number of employees, the training course 
should address the various learning styles identified in Chapter Two; 
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 The deployment within the pilot study group returned positive feedback, however, it is 
difficult to assess the long-term success of the system within the organisation, this 
should be part of future research; 
 For knowledge to be retained and used by the individual, the six month review 
indicates that a refresher course is required in order to maximise the benefit of the 
system;  
 An area for improvement identified by the pilot study group include- multimedia e.g. 
video clips; 
 The use of a simple web-based e-learning initiative combined with familiar workshop 
CPD session enabled engagement with staff, extraction of the valuable experiences 
and dissemination within the session; 
 Integration of real “BAM” projects to show the installation of RET systems on-site 
was well received by the sponsoring company; 
 Engagement with company employees to develop the training initiative had an 
increased value to staff morale which encouraged participants to share knowledge and 
experiences. 
 
Finally, the e-learning component offered significant financial cost savings for the 
organisation opposed to delivery of training through traditional methods. During the current 
economic situation, contractors need to reduce costs in all areas of operation, whilst not 
compromising quality. The training initiative developed in this research addresses the costs 
associated with training and knowledge share for a large construction organisation. 
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5.2 SUMMARY 
This chapter has presented the general findings from the research project. The results of pre 
and post-intervention questionnaires identified where current practice within the organisation 
and industry as a whole could be improved. The findings suggest the management of RETs 
within the contracting organisation is complex and is managed sporadically, and is being 
impeded by the perception that they can only affect down the supply chain, rather than up to 
clients and consultants, depending on the form of contract (D&B, traditional etc.). This has 
been accepted as the norm for contracting organisations, where collaboration between 
multiple parties involved in the construction process is a resource intensive process. The role 
of the contractor in post-occupancy evaluation was highlighted as an area where contractors 
can gain knowledge. Whilst some contractors are involved in “continual improvement” and 
are aware of POE, the majority of large contractors fail to understand the fundamental 
components of POE. Section 5.1.3 identified the barriers to RET integration and highlighted 
how these barriers can be overcome. Finally, the intervention findings demonstrated the 
benefit to the organisation through cost and carbon savings alone whilst improving employee 
knowledge of RETs. The pilot study successful engaged with employees through showcasing 
experience within the organisation across all regions and acted as an effective tool to 
disseminate knowledge within a fragmented project-based industry.  
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6 CONCLUSIONS 
6.1 REALISATION OF AIM AND OBJECTIVES 
 
The primary aim of the research was to “investigate existing sustainability practices within a 
large UK construction contractor across business units of design and construction, and 
develop a solution to improve the organisation’s practices for the user of RETs in future 
construction projects”. 
The research focused on a principal contractor’s existing practices of managing RETs, and 
revealed an unstructured approach to monitoring and managing knowledge about a relatively 
new building component in the construction process. The existing culture fostered knowledge 
retention amongst individuals, projects, regions and business units rather than knowledge 
sharing – except during the tender process, when it is on an ad-hoc basis, depending on 
employees’ relationships with one another. The aims and objectives have been achieved and 
the sponsoring organisation has taken on the recommendations of this research project and is 
introducing additional training modules through the e-learning system and is addressing the 
management of the handover procedure and review of completed projects through the 
development of a sustainability team. The following sections summarise the impacts on the 
sponsoring company, the wider industry, and the field of knowledge generally. 
 
6.2 IMPLICATIONS/IMPACT ON THE SPONSORING COMPANY 
The four years of research have delivered a number of outputs at agreed stages of the 
programme, including new knowledge disseminate through academic conference and journal 
papers, training programmes, case studies, workshop, interviews and surveys on the 
organisation.  
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6.2.1 PROJECT DELIVERABLES 
The findings from the project identified that throughout the company there were failures in 
the management of RETs. Projects consistently overlook the opportunity to learn from 
experience within the group, with a mentality reminiscent of the pre-Egan and Latham 
reports; namely short-sighted and cost-orientated. A lack of awareness among the majority of 
the workforce has led to a situation where each project effectively “reinvents the wheel” each 
time. It is well documented that the primary asset within the construction industry – and 
within building contractors, in particular – is the knowledge of the individual, not the 
collective organisation. The project has raised awareness of RETs relevant to construction 
projects and the role of POE to develop a knowledge sharing culture within the organisation.  
Against this background the research has impacted the following areas within the sponsoring 
company: 
 Creation of the Renewable Energy Technology schedule: a simple schedule which is 
already integrated into an online environmental monitoring tool accessible across the 
company, and has recently been adopted by the parent company, Royal BAM Group; 
 Multiple case studies of construction projects for tender / bid support that promote the 
experience within the company to external parties; 
 A series of RET handbooks that can be used as a reference point within the company 
for professionals, providing background information, experience within the 
organisation, risks etc.; 
 Utilisation of POE to supply in-use data on completed construction projects with 
direct value to future design, construction and FM projects, with RETs integrated into 
the building’s energy strategy; 
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 Promoted POE as an opportunity to learn from past experience which has resulted in 
the sponsor successfully securing over £120,000 of funding from the Technology 
Strategy Board to promote their involvement and conduct POE; and 
 Development and deployment of an e-learning and follow-up workshop to continually 
collect and disseminate experience and promote knowledge sharing across the 
business units of the company.  
Following development and a successful pilot study of the training initiative, the sponsoring 
company should implement a national roll-out to maximise the benefits to the organisation. 
The system is capable of offering training across the company and overcomes the issues 
associated with traditional training, namely travel and time costs and carbon emissions. 
The system can also act as a repository during the design, construction and operation phase of 
a building project and will enable the sponsoring company to manage knowledge more 
effectively by changing the “knowledge is power so don’t share it” culture that currently 
exists within the business. This tool should be developed further and promoted within the 
organisation to ensure that employees are aware of the importance of their experience to 
maximise knowledge transfer and promote organisational learning within the company.  
Employee involvement in both the data collection and dissemination phase has been shown to 
improve perceptions towards RETs and could be used by the company to manage other 
innovative elements of construction e.g. (those not included within this research project).  
The evaluation of the training initiative within the sponsoring organisation has been 
encouraging. The company is starting to take a proactive approach towards RETs and is 
improving the transfer knowledge to construction projects. The sponsor has shown further 
support of the research undertaken through the development of new e-learning modules for 
other departments, including Environment and Health and Safety.  
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6.3 IMPLICATIONS/IMPACT ON WIDER INDUSTRY 
One of the central findings of the research was that POE is misunderstood and not conducted 
within most construction contractors as part of a construction process at present. Of the 
United Kingdom Contractors Group (UKCG) members contacted, not one identified the use 
of POE as a valid tool for evaluating the performance of the building in-use within their 
organisation. Such evaluation of the end product would go part of the way to improving the 
performance of the industry as a whole as identified by Egan (1998). The very nature of the 
industry means that most projects are bespoke. However, without reviewing the end product, 
how will the industry improve? 
The industry operates on the knowledge and experience of the individuals, but has a 
responsibility to share that knowledge in the most efficient way to improve the delivery of the 
built environment. The research has shown the industry’s perceptions towards RETs, and 
knowledge sharing in particular, as negative. The main areas where the research can influence 
the industry are: 
1.) Collection of in-situ data during the construction phase from employees engaged in 
the process supports knowledge sharing between professionals; 
2.) Comparison of the in-use data from POE case studies against experiences of 
construction professionals, to make informed decisions on RETs on future projects; 
3.) Integration of employee experience into case studies and training for the business unit 
/ project to facilitate knowledge share enables organisations to engage with 
employees; 
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4.) Implementation of training initiatives that combine both e-learning and traditional 
workshop activities to engage with employees and make them feel valued for 
contributing to future training and knowledge sharing; 
5.) Dissemination via e-learning, to offer user-flexibility that negates the need to attend 
bespoke off-site training, reducing the impact on users’ day-to-day routines / effect on 
the project; and 
6.) Establishment of pilot study groups from a cross section of users to develop the 
training modules and test the system, prior to roll-out of the approach to the company / 
parent company / wider community.  
Traditional training approaches within the construction industry have revolved around rigid 
teacher-based lecture style learning (e.g. toolbox talks are common throughout the industry). 
However, these do not engage with individuals, or allow for group interaction and critical 
thinking – they are often described as dull, repetitive and uninspiring.  
In summary, the approach towards management of RETs identified that ingrained 
organisational attitudes were positively affected by the training initiative. This training 
initiative can offer a wide ranging application within construction and other knowledge 
intensive industries to showcase best company practice and improve knowledge transfer and 
learning on new innovative techniques/ products or processes within a company, or between 
competing companies to work towards improving the industry holistically, as identified by 
Latham (1994) and Egan (1998).  
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6.4 CONTRIBUTIONS TO KNOWLEDGE AND PRACTICE 
This research has shown how a large contracting organisation, typical of many in the UK, and 
operating across several regions within the UK, manages sustainability and RETs. The 
findings and conclusions of this research have contributed to existing knowledge in the 
following ways; 
 It provided an insight into the operations of a major contractor regarding RET 
management and project evaluation; 
 It identified gaps in knowledge on POE and RETs within the industry and has 
developed and tested a RET training initiative;  
 Showcased that integrating POE information of RETs into a training/knowledge 
sharing initiative can improve workforce engagement; 
 The research also addressed the use of POE as a consultant-only tool during the design 
stage, and introduced it to the construction phase of the building process to facilitate 
learning within the organisation and improve project delivery for the client, which will 
ultimately lead to greater client and end-user satisfaction; 
 The research has shown how a typical contractor fails to review construction projects 
effectively, which should be an area to consider developing to prevent any detrimental 
effects on learning and  knowledge share within the organisation; 
 It has established the current knowledge paths that exist between design, construction 
and FM within a typical contracting organisation, and areas to consider improving 
RET management and knowledge management within a large contracting 
organisation; 
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 It used multiple methodologies including action research within the case study 
company to uncover existing sustainable practice and showed that, the role of 
knowledge management and organisational learning are interlinked to improve the 
management of RETs within contractor/ organisations; 
 It demonstrated that current industry practice amongst contracting disciplines has 
failed to manage RETs in a formal structure to deliver construction projects; 
 The development of a suite of modules that demonstrate the success of training 
initiatives to improve individual employee knowledge within a large organisation to 
raise awareness on RETs is possible; 
 Demonstrated that e-learning can be a cost and carbon-efficient tool for improving 
knowledge sharing in the construction industry, through effective engagement with a 
dispersed project-based workforce. 
 
6.5 CRITICAL EVALUATION OF THE RESEARCH 
6.5.1 SCOPE OF THE RESEARCH 
This research is based on a combined longitudinal and action research approach that placed 
the RE within the sponsoring company for the four years of the EngD programme. 
Throughout the research period, the sponsoring company had a number of difficulties directly 
caused by the economic recession, culminating in a reduction in work and value engineering 
of projects to reduce costs to a bare minimum which impacted on the potential available pool 
of projects that integrated RETs. This made the work challenging given the research subject 
and time constraints of the EngD programme. This impacted the research, as a number of key 
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personnel involved in the research were made redundant, which made it challenging to 
maintain continuity through the numerous case studies used to elicit information on RET 
installation experience within the organisation.  Nevertheless, the RE overcame these issues to 
add value to research through coordination with senior management throughout the 
organisation. Nevertheless, the loss of personnel also reinforced the research’s proposition on 
knowledge retention and management of RETs within the organisation, as the experience and 
knowledge is lost once an individual leaves a company.  
 
6.5.2 VALIDITY AND RELIABILITY OF RESEARCH DATA 
Response bias was of concern for the survey component of the research. Fellows and Liu 
(2003) state that a representative sample should be obtained of the population being studied in 
order to compensate for bias. The POE survey distributed to the major contractors of the 
UKCG totalled 140 surveys, with a response of 52 usable surveys from 23 different 
organisations. The responses from the separate organisations represented a good sample of 
similar-sized companies to that of the sponsoring organisation, which has a combined 
turnover of £36 billion (UKCG 2011) which addressed the bias concerns.   
The analysis of the survey also opened the opportunity for research bias affecting the 
respondents of the survey through leading questions. This was mitigated through careful 
design and review of the survey prior to distribution along with following best practice 
(Fellows and Liu 2008).  
The interviews conducted as part of the research included a mixture of open and closed 
questions, and varied between structured and semi-structured, so the respondent could provide 
context to their responses. The selection of participants for the interviews and case studies 
comprised various disciplines and provided a representative sample of the workforce within 
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the sponsoring company and that of a typical contracting organisation (Appendix A- Paper 1, 
Appendix D – Paper 4).  
A key component of the EngD programme is to publish work within peer-reviewed journals 
and conferences. This was completed at multiple stages during the four years of the course 
and acted as confirmation of the contributions to knowledge of the research. See Appendices 
A – E for copies of peer-reviewed academic papers. Also, the findings and outputs of the 
research have been adopted by the sponsoring company and directly demonstrate impact.  
Finally, the research findings highlighted areas that should be improved by the company 
(handover, POE, RETs). There were further validated by an external consultant report 
commissioned by the sponsoring company to investigate customer perception of the BAM 
brand. This revealed that the academic research undertaken had real-world application to a 
leading construction organisation.  
 
6.5.3  LIMITATIONS 
Any findings from a piece of research are subject to  the choice of methodology, integrity of 
the data collected and the analysis used (Walker 1997). In the research conducted as part of 
this project to fulfil the EngD requirements, the RE was able to conduct the literature reviews, 
historical data mining, development of training workshops and e-learning initiative, and 
deploy the training initiative within the sponsor. The action research methodology adopted by 
this research inevitably has some limitations which have been considered thoroughly by the 
RE (Chapter three Methodology), and the findings take these into account, and remain valid.   
While undertaking the research, the UK economy fell into a recession that lasted throughout 
the EngD programme. During this time, the research was affected by a number of external 
influences, including a reduction in predicted workload throughout the sponsoring company 
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through increased competition in the targeted market sectors; a general slowdown in public 
and private construction projects; and a change in government. This resulted in value-
engineering of projects that integrated RETs and sustainability features and in some cases 
projects were cancelled.  
The research focused on the development and deployment of a training initiative specific to 
BAM Construct, though findings are generally applicable to other contracting organisations. 
This was reinforced through gaining an industry-wide perspective to key issues through 
surveying multiple contracting organisations (Chapter Four -Stage One). Within the context 
of the EngD, it was difficult to gain the same level of openness with the sponsoring 
company’s competitors (Laing O’Rourke, Vinci, Balfour Beatty, Kier etc.) as the sponsoring 
company wished to maintain a competitive advantage, rather than share the findings across 
the industry. However, the fact that the training initiative was a success within the sponsoring 
organisation and responses have been favourable from a range of disciplines and focuses on 
employee engagement and knowledge improvement, there is the likelihood that it would be 
considered by many construction organisations as a method to improve knowledge transfer 
and reduce training costs for a widely dispersed workforce common to many large contracting 
organisations.  
It was not possible to conduct a secondary intervention due to time constraints of the EngD 
programme; however, recommendations to the sponsoring company are to conduct a wider 
trial of the training initiative within a region to examine the pilot study across an even wider 
population within the company.  
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6.6 OVERALL CONCLUSIONS  
The research presented in this thesis is the accumulation of four years’ study into the 
sustainable practices and management of Renewable Energy Technologies (RETs) within a 
contracting organisation, as part of the Engineering Doctorate (EngD) undertaken in 
partnership with Loughborough University and BAM Construct UK Ltd. This kind of 
research has not been conducted before in the construction contracting organisations. The 
management of sustainability and Renewable Energy Technologies is a complex task for any 
organisation operating in a project oriented industry. The role of sustainability and renewables 
in the construction industry is continually growing and should be considered by contracting 
organisations facing testing times during a recession as an opportunity to improve their 
performance to deliver construction projects. At the heart of project delivery is the 
organisation’s employees and their experience which should be utilised more effectively to 
obtain maximum value for the company. 
 
This research concludes that; 
 Contractors have a significant role to play in facilitating POE in the industry to 
improve the delivery of RETs and construction projects, and  also to improve their 
ability to continually learn from their collective experience;  
 The client has a role to play in improving RET integration on construction projects, 
however, contractors need to provide evidence that past projects that integrated RETs, 
which can be achieved through POE; 
 There is a reluctance to learn from past experiences of other colleagues from different 
regions within the organisation. This reluctance is also evident when reviewing 
projects post-completion (POE), despite the majority of respondents recognising the 
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benefits of conducting analysis of completed projects and represents the typical 
contractor attitude towards the construction process and the life cycle of a building; 
 An absence of a formal training scheme for RETs and a knowledge capture method 
prevents continual learning and will continue to hinder RET integration on 
construction projects; 
 The implementation of a bespoke training initiative that offers the opportunity to 
manage employee learning and development, capture valuable data and the experience 
of individuals has been proven to improve knowledge retention within the 
organisation; 
 Any intervention that attempts to change an existing culture within an organisation has 
to fully engage with employees in order to gain support. Integration of existing 
practice i.e. workshop CPD format training into the initiative was positively received 
by the employees who participated in the research project; 
 This research has shown an increase in positive perceptions towards RETs and the 
exchange of information and knowledge within the company. This should be 
expanded to include other fields of study (Health and Safety, Corporate 
Communication, IT and learning and development etc.); 
 Users show an increased willingness to use technology in order to inform their own 
learning, with greater flexibility delivered through online material, and responded 
positively to the content, style, pace and assessment of the e-learning modules. The e-
learning approval is potentially cost and carbon efficient in comparison with 
traditional face-to-face training; 
 The importance of knowledge sharing within the company was identified as an 
inhibiting factor on the management of RETs across the various business units of 
design, construction and FM; 
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 Contracting organisations need to address the fragment nature of their businesses in 
order to fully utilise their key resource – their employees. This can be achieved 
through engaging with their employees to assist in changing a traditional culture of 
knowledge retention opposed to sharing. 
 
In brief, this research has shown the potential of POE (review of newly completed projects) to 
inform knowledge sharing within a contracting organisation with a view to improve the 
management of RETs. The use of an e-learning initiative offers many advantages over 
existing training methods and will significantly reduce on-going training costs for an 
organisation that is fragmented across the UK.  
 
 
6.7 RECOMMENDATIONS FOR FUTURE RESEARCH 
This research has addressed the management of RETs in construction contracting 
organisations with a view to improve the current approach by developing a contractor-specific 
solution. The research has taken an action research approach within a large multi-disciplinary 
UK contractor and made significant findings, but also raised a number of questions and areas 
for further exploration within academia and industry. The author acknowledges that there is a 
need to take the lessons learnt from the contractor context in this thesis and apply them to 
other stakeholders in the construction process – designers, small / medium enterprises, sub-
contractors, suppliers and clients. 
Further research is recommended on commercial data for conducting POE on completed 
projects in particular, in order to showcase the real world costs associated with POE to 
contractors. 
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This research has addressed the issues affecting a large UK contractor, and developed a 
training initiative to address the issues relating to the management of RETs and the wider 
issue of knowledge management in contractor organisations. Time should be taken to address 
the operational needs of the system, and analyse its users to understand how they obtain 
knowledge and share it with others within the company. The current system available to the 
sponsoring company does not contain this function and should be addressed by future 
versions of the system.  
Further valuable work would be to consider the benefits associated with company-to-company 
knowledge sharing to improve the industry and drive best practice. The RE has engaged with 
multiple contractors from the UKCG as part of this research and the foundation for 
knowledge share is available through Knowledge Transfer Networks which the company 
should take advantage of where possible. The performance of knowledge sharing within 
construction should also be compared to that of other industries, such as manufacturing. The 
research identified limited communication between the separate business units and other 
companies within the group – outside the UK. It would be of benefit to investigate knowledge 
share within global businesses to learn from previous experience within the group. In time, 
there will be more opportunities for employees and projects to interact with each other within 
the boundaries of business units, regions or even countries, however, significant research will 
be required to make this happen. Knowledge management is notoriously difficult within the 
construction industry, and there is no silver bullet. Additional work should address the culture 
of construction organisations to ascertain the best method in which to gain acceptance from 
industry along with further detailed research on internal communication in organisations. 
Further research is required to understand existing barriers and to emphasise the importance 
of RETs to industry in order to cause a culture change within the industry.  
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ABSTRACT 
 
Client satisfaction is a key element of repeat business and for securing future work in 
the construction i n d u s t r y . There a r e  a r e a s  still in need of improvement for 
contractors; these areas include the handover process to clients and the subsequent 
aftercare and organisational learning. Post-Occupancy Evaluation (POE) offers an 
opportunity for a holistic perspective towards continual improvement in construction. 
While the challenges of POE have been well documented in the design phase, the role 
of the principal contractor in this area has been under-researched. Existing research 
has suggested that the key barriers to uptake of POE include investment of resources, 
time constraints and negative publicity of poor performance and costs. 
This paper aims to investigate and better understand the opportunities and the 
key issues for contractors in the UK construction industry associated with the use of 
POE as a tool not only to capture real performance data on construction projects but 
also to act as a vessel for ensuring existing and future clients are satisfied with the end 
product. The paper concludes by proposing a set of recommendations to improve 
contractor involvement in the POE process. 
 
Key words: Contractor, post-occupancy, sustainability. 
 
 
1.0 INTRODUCTION 
 
Interest in post occupancy evaluation (POE) within the construction industry has increased 
significantly over the past decade. It is generally accepted that delivering quality 
construction projects depends not only on innovation and experience but also on 
successful management of the client relationship (Egan 1998). Ever-challenging targets on 
sustainability set by both government legislation and client agendas have resulted in some 
of the most impressive environmentally-conscious buildings in the world. The Stern 
Report (2006) has increased awareness of the effects of climate change on the UK 
economy and as a result there is increased attention to the consumption of resources, both 
materials and energy, by the built environment. Contractors are at the heart of the 
construction process and are frequently involved from an early design stage. Nevertheless, 
the majority of contractors have reduced involvement with the other end of the process 
and have regularly delivered less than the clients’ expectations resulting in a negative 
image of construction which has only recently been addressed by the industry (Egan 
1998). The opportunities for learning from the performance of the completed building 
within a number of areas including: analysis of design intent and in-use energy 
consumption;  occupant  satisfaction  and  building  control  interaction;  and  internal 
environmental performance of the building, can assist not only end users but also the 
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contractor in reducing defects and improving  client-contractor relationships (Ellis 
1987). 
An appreciable amount of research has been conducted on POE in other 
countries; this has focussed on the performance of the building in relation to design 
constraints as well as the occupant satisfaction. There has been a lack of significant 
research into the field of principal contractor involvement in the post occupancy 
evaluation (POE) process. Traditionally, contractor involvement in projects did not 
focus on the end users of the building; but the general operation of contractors’ 
businesses has been altered by influence from the Facilities Management discipline 
(Preiser 1995, Cohen et al. 2001). The innovative aspect of this research paper is its 
investigation of the role of the contractor in the POE process and the potential 
developments for improving the building environment for the end users. This begins 
to address an under-researched area. The research presented in this paper comprises of 
a literature review and discussion of results from an industry based survey which 
forms part of an on-going research project which aims to improve contractor 
involvement in the POE process through identifying key barriers and opportunities for 
contractor engagement. 
 
 
 
2.0 REVIEW OF POST OCCUPANCY EVALUATION 
LITERATURE 
 
Post Occupancy Evaluation (POE) has been undertaken by the construction industry 
for a number of years, yet its influence has been limited. There are numerous 
definitions of post occupancy evaluation ranging from the simplistic “performance 
evaluation of a building or buildings” Maclennan (1991) to a “new tool which facility 
managers can use to assist in continuously improving the quality and performance of 
the  facilities  which  they  operate  and  maintain”  (Preiser  1995).  Hadjri  &  Crozier 
(2008)  have  highlighted  the  fact  that  POE  has  numerous  interpretations,  but  all 
involve data collection from people and the building. Baird (2001) defined the POE 
process as “a generic term for a variety of general programs and procedures as well as 
specific techniques for the evaluation of existing buildings and facilities”. This 
interpretation best suits this research as it encompasses all elements to be covered by 
POE. Whilst POE has remained within the architectural domain in the construction 
industry, there is potential for future adoption by other construction professionals, 
from consultants to contractors. 
Previous research on POE has predominantly focused on the role of the 
consultant and facilities managers and the impact that the process has on these 
disciplines. To reach the sustainability targets in the construction industry, the whole 
construction process should be considered holistically. Facilities management as a 
discipline has been influential in prolonging the building’s “whole life cost” 
perspective which places a high value on operational costs of a building and highlights 
to the client the positives and negatives of construction decisions. (Preiser 1995, 
Cohen et al 2001). Ellis (1987) reported on the effect of the client in raising the 
popularity of POE. 
The Latham and Egan reports are two of the most important government- 
sponsored reports on the construction industry in the last 15 years. The need for these 
reports was due to consistent poor performance by the industry and the wake of 
copious dissatisfied clients.  Latham reported (Constructing the Team, 1994) on 
improving the relationship between the client and the principal contractor. Figure 1 
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presents the annual targets for improvement identified in the Egan report (1998). POE 
offers contractors the ability to improve contractor-client relationship through 
identification of good and poor performance of the contractor during the construction 
process and the in-use function of the building. 
 
Figure 1: Rethinking Construction, Strategic Plan [Source: Rethinking Construction 
1998] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.1 POE and Learning 
Scott & Harris (1998) reported that the benefits of undertaking a systematic approach 
to construction feedback would be valuable for any organisation. However, while 
some form of feedback is gathered it is often unstructured and intermittent in its 
nature. POE can be linked to organisational learning especially within contractor 
organisations within the industry. Kululanga et al (1998) stated that construction 
contractors fail to implement learning mechanisms to improve their processes. 
 
2.2 Post Occupancy Evaluation Methods 
Preiser (1995) identified the following types of POE that can be carried out on a 
completed project: ‘indicative’, ‘investigative’ and ‘diagnostic’. ‘Indicative’ utilises 
walk-through evaluations, group meetings with end users and a general review of 
building performance, usually obtained through energy consumption and water use 
over a relatively short period of time. This is the most cost effective type of POE, as 
resource requirements are minimal as is intrusion on the occupants. However, it lacks 
the depth of study required to investigate causes of problems identified. ‘Investigative’ 
is more in-depth and allows for solutions to be developed for any problems identified. 
Primary components of this include survey questionnaires and interviews where the 
results are compared to similar buildings. The timescale for indicative methods can 
range  from  one  week  to  several  months  depending  on  the  type  building(s). 
‘Diagnostic’ POE involves the identification of inadequacies in design and solutions 
to correct problems, in addition to acquiring data to enhance future design. This 
utilises all the techniques used by the indicative method in addition to advanced 
analytical techniques to obtain meaningful feedback from the data gathered. The 
‘diagnostic’  
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2.3 Barriers to POE 
 
POE in the construction industry was first introduced in the 1960s. Since then, there 
has been little adoption to the frustration of social researchers as emphasised by Hadjri 
& Crosier (2008). Barriers to adoption include costs for undertaking POE, resources 
required   to   successfully   complete   the   process,   litigation   for   underperforming 
buildings, and lack of overall awareness by all stakeholders (Turpin-Brook & Viccars 
2006). Previous research conducted by Bordass et al. (2001) emphasised cost, 
responsibility of conducting POE, and the repercussions of the results on consultants 
as potential barriers.  The ‘Probe’ project argued that a culture change would be 
required in order to fully integrate POE into the construction process; this was also   
supported by Preiser (1995). 
 
3.0 METHODOLOGY 
 
The initial stages of the research reported in this paper involved a comprehensive 
review of current literature on POE with a focus on existing practices within the 
various disciplines to identify possible barriers and gaps in the research. The review 
has shown that the majority of the literature available on POE was heavily focused on 
the lead consultants’, clients’ and end users’ involvement. The review has highlighted 
the need for a further investigation into the role of the contractor through the use of a 
cross disciplinary survey questionnaire with industry-based professionals, in order to 
identify current practice of POE across the construction industry, confirm barriers, and 
identify the contractor’s involvement and contributions to the process. The 
questionnaire was issued electronically to the top 100 construction companies and the 
United Kingdom Contractors Group (UKCG) to gain perspectives from a range of 
practicing professional disciplines. 
 
4.0 FINDINGS 
 
This section of the paper presents the findings from the electronic questionnaire 
element of the research. The objectives of the questionnaire were to: 
• Determine issues currently affecting POE involvement by contractors 
• Gauge opinion from construction professionals on POE 
• Identify barriers to contractor involvement 
• Highlight areas for contractor improvement 
 
From a total of 140 questionnaires sent, 52 responses were received from over 23 
construction organisations which enabled a statistical analysis to be completed. Table 
1 shows the grouping of the respondents. The contractor group was the largest 
responding group with 23. Between them they had 774 years of experience in the 
industry; fourteen of these had actively been involved in the POE process. The 
participants included design professionals (Architects, Structural Engineers, CAD 
technicians) contractor disciplines (Project Managers, Design Managers, Quantity 
Surveyors and Site Managers) and Facility Managers (Building Operators and Facility 
Managers). This breakdown is shown in Table 1. 
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Table 1. Dissemination of survey questionnaire 
 
Organisation Respondent Completed Survey Percentage 
Design consultant 12 9 25% 
Contractor   - 
Project Manager 7 5 14% 
Design Manager 10 7 20% 
Quantity Surveyor 8 6 16% 
Site Manager 7 5 14% 
Facility Management 9 4 11% 
 
4.1 Experience 
 
From the literature review, it was expected that designers would have a higher 
involvement in POE than contractor disciplines. However, the questionnaire results 
indicated that contractor disciplines have experience in POE. When questioned on their 
involvement in the POE process (Figure 2), 4 designers indicated that they had high to 
very high experience with POE with three designers having a low to very low experience. 
Of the contractor-based disciplines: four project managers (66%) eight design managers 
(87%), three site managers (60%), and five quantity surveyors (83%) had medium 
experience. From these results it is questionable to state that designers have more 
involvement in POE than contractors from this research sample. In addition, it was 
expected that overall involvement in the POE process across all disciplines would be 
limited based on the review of previous literature (Turpin-Brook & Viccars 
2006). The results do indicate that within contractor disciplines, designer managers 
have a greater involvement than project managers, site managers, quantity surveyors and 
facility managers. This could be attributed to design manager involvement across 
all aspects of the design and construction phase of a project. These results (see Figure 
2) highlight that POE is increasing across the industry and in particular, contractor 
involvement in the POE process. 
 
Figure 2: Frequency of POE undertaken by respondents’ organisations 
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4.2 Barriers to contractor involvement 
 
Respondents were also asked to indicate the significance of the following barriers to contractor 
involvement in POE; Litigation towards contractor, Contractor's resistance to change, 
Identification of problems can portray contractors negatively, Difficulty in interpreting 
feedback data, Time intensive process, Benefits seen as long term, No perceived benefit, 
Inability to obtain data, Internal barriers to gathering data within organisation, No existing 
mechanism for gathering data, Lack of resources to undertake post occupancy evaluation, Lack 
of dissemination routes internally, Lack of dissemination routes externally, No specialist 
training in post occupancy evaluation, Culture within contractors does not allow for continual 
learning, Contractors are not interested in projects once completed and handed to client and 
Associated costs can be high. The most important of these were identified as having a greater 
impact which suggests that barriers identified by literature review are not relevant to 
contractors, Table 2 shows a selection of barriers identified as being most relevant to contractor 
involvement in POE.  
 
Table 2. Level of agreement with barriers to contractor involvement 
Which of the following do you think have the greatest influence on the contractor's involvement in 
the post occupancy evaluation process? 
 Agreement with barriers (No. of people) 
 Very 
low 
Low Medium High Very 
High 
Benefits seen as long term 2 8 12 14
 X
  
Associated costs can be high 1 6 13 14
 X
 2 
Time intensive process  3 15
 X
 14 4 
Lack of resources to undertake POE 1 5 12 14
 X
 3 
No existing mechanism for gathering data 3 11
 X
 7 11
 X
 4 
Litigation towards contractor 3
 
 9 14
 X
 7 3 
Difficulty in interpreting feedback data  10 20
 X
 5 1 
X used to identify largest response 
 
4.3 Timescale to undertake POE 
 
Interestingly, when asked when POE should be completed on a project (Table 3), not one 
respondent selected the option of ‘19 months- 5 years’.  Research by Preiser (1995) suggested 
that there should be an acclimation period. 18 of the respondents (three project managers, four 
design managers, three quantity surveyors, two site managers and six designers) indicated that 
9-18 months post practical completion (PC) was the most applicable to undertake POE on a 
project. Less than 12 months post PC was selected by 17 respondents (two project managers, 
three design mangers, three site managers, three FM and two designers), which would be 
within the defects period on the majority of contracts, see Table 3. This contradicts previous 
research by Preiser (1995). However, due to the range of disciplines, it appears there is no 
definite period in which the industry believes the POE should be completed on a project. The 
contractor discipline responses could be explained by the current culture of achieving practical 
completion, perceiving this milestone as the completion of a project. Six designers (75%) 
chose 9-18 months, which suggests that POE is more established in design disciplines 
compared with the three FM participants who selected either 1-2 months or 3-5 months, though 
this would not offer end users enough time to get accustomed to their new environment. It 
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would, however, still be within the twelve months defects period covered by most forms of 
contract, and hence involves the principal contractor. 
 
Table 3. Timescale to undertake POE 
When do you think post occupancy evaluation 
should be undertaken on a project? 
Discipline   Total Percentage 
(post practical 
completion) 
Designer Project 
Manager 
Site 
Manager 
Design 
Manager 
QS FM  (of total 
respondents) 
1-2 months  1
 
 1   1 3
 
 8% 
3-5 months     2 2
 X
 4 12% 
6-8 months 3 1 2
 
 3
 X
 1  10 29% 
9 – 18 months 6 X 3 X 2 X 4X 3 X  18 X 51% 
19 months – 5 
years 
        
 X used to identify largest response 
 
The respondents were then asked to state when contractors should be involved in POE. The 
most frequent response (17) was also 9-18 months post PC, accounting for 50%. The timescale 
range of 9 – 18 months suggests there is a requirement for more in depth further research in 
this field. These results for contractor involvement in POE again disregarded 19 months – 5 
years (Table 4). The results from the questionnaire imply that perceptions towards timescale 
regarding POE should be reviewed. Contractors in particular should see POE as an opportunity 
for company learning and should adopt it as a company procedure to ensure that individual 
project evaluations are conducted within the defects period of a project. These results also 
highlight that facility management responses contradict previous research by Preiser (1995). 
The facility management discipline should have a more long term perspective; however, the 
results could be focused on an individual project following practical completion (PC). 
 
Table 4. Timescale for contractor involvement in POE  
At what stage do you think contractors should be 
involved in the post occupancy evaluation to 
improve the process? 
Discipline   Total Percentage 
(post practical 
completion) 
Designer Project 
Manager 
Site 
Manager 
Design 
Manager 
QS FM  (of total 
respondent
s) 
1-2 months  1
 
   1 1 3
 
 9% 
3-5 months  1   1 1
 
 3 9% 
6-8 months 3
 
  2
 
 4
 X
 1 1 11 32% 
9 – 18 months 5 X 3 X 3 X 3X 3 X  17 X 50% 
19 months – 5 
years 
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4.4 Feedback 
 
Feedback on construction projects is a key element of the POE process (Roberts 2001). The 
construction industry’s attitude towards feedback has been criticised by numerous authors 
including Latham (1994) and Egan (1998). In the present study, respondents were asked 
whether UK contractors provide adequate feedback (on both good and bad practice) to all 
stakeholders involved in the building process (Table 5).  
When comparing responses from design and construction professionals, there appears 
to be incompatible views on feedback. The designers felt that, overall, feedback from 
contractors was less than adequate for positive elements, compared with the contractor 
disciplines that believed feedback to be sufficient. The response rate for poor performance 
feedback appears to be higher, which could be linked to the use of litigation and adoption of a 
blame culture between design and contractors as a means for recouping financial losses which 
is traditionally associated with the UK construction industry.  
 
Table 5. Feedback from contractors to designer 
Feedback : Please indicate your level of agreement with each of the following statements 
 Strongly 
Disagree 
Disagree Neutral Agree Strongly 
Agree 
Good scheme design is adequately fed 
back to designers 
3 9 11
 X
 11
 X
  
Good detail design is adequately fed 
back to designers 
3 7 11 13
 X
  
Poor scheme design is adequately fed 
back to designers 
3 4 12 13
 X
 2 
Poor detail design is adequately fed 
back to designers 
3 2 11 14
 X
 4 
X used to identify largest response 
 
4.5 Improving involvement 
 
Table 6. Future actions by the contractor to improve POE involvement 
According to your experience which elements do you 
believe are important to contractors for improving the post 
occupancy evaluation process? 
Rating   
 Strongly 
Disagree 
Disagree Neutral Agree Strongly 
Agree 
Promote their involvement 1
 
 4 7 29
 X
 10 
Engage with clients   6 21
 X
 9 
Take leadership 2 6 14
 X
 12 2 
Invest financial resources 1 2 
15
 17
 X
 1 
Incur financial penalties for 
failing to meet design intent 
2 12
 X
 10 6 4 
Develop a quality assurance  2 6 21
 X
 7 
Provide evidence  1 6 26
 X
 3 
X used to identify largest response 
 
Over 31 (84%) of respondents (5 project managers, 8 design managers, 4 quantity surveyors, 4 
facility managers and 8 designers) agreed or strongly agreed that the use of POE could assist 
contractors in improving their performance. When asked who should lead POE, the client was 
the most frequent response with 14 (41%). These include design and contractor disciplines 
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(four design managers, one project manager, three quantity surveyors, three site managers and 
three designers).  
 
4.6 Discussion 
4.6.1 Current practices  
 
The initial questionnaire survey indicated that the use of POE within the industry is still 
relatively low as identified by Hadjri & Crosier (2008). The research has focused 
predominantly on the contractor and other key disciplines. However, the majority of the 
respondents believe that the organisational culture supports change, and does not present a 
barrier as might have been expected. In support of existing literature (Cooper 2001), designers 
are still predominantly more involved than contractors in POE, however the results suggest that 
Part M: Feedback, of the RIBA plan of work is not followed by all design organisations.   
 
4.6.2 Barriers 
 
The barriers identified from the literature review appear to be uncharacteristic based on the 
responses to this survey. Litigation, communication (internally and externally of the 
organisation), organisational culture, contractor interest and perceived costs all scored 
relatively low responses across all disciplines. Costs for conducting POE are a significant 
factor for all respondents regardless of their discipline. Due to a lack of perceived leadership in 
POE, all disciplines could potentially be affected by the findings of POE and subsequently be 
made accountable through the industry’s claim culture.    
 
4.6.3 Future development  
 
The question of who is responsible for undertaking POE on a project was the most interesting 
result of the research. Over 41% of the respondents believed the client should be responsible 
for completing POE on a project which supports the findings by Ellis (1987). In addition 62% 
of respondents selected the client to cover the costs associated with POE. All parties involved 
in the process will gain valuable knowledge on performance, costs and buildability to assist in 
continual improvement, as identified by Scott & Harris (1998) and by Kululanga et al. (1998). 
In order to improve the delivery of construction projects, it would be of benefit for the 
contractor to take on the responsibility for their own organisational / cultural development in 
order to reach some of the targets identified by Egan (1998). Seven design managers, five 
project managers, three quantity surveyors, four site managers, four facility managers and six 
designers (80% of respondents) agreed or strongly agreed that the contractor should provide 
evidence that the building performs as designed. In order to provide evidence, POE can be used 
to display the contractor’s commitment to delivering a quality building to the client. The 
contractor should acknowledge their responsibility to deliver a project as designed. Therefore 
the position of the contractor in POE would ensure an enhanced predictability for the client and 
end users, which would go towards achieving targets, set by Egan (1998).  It is also 
acknowledged that the various disciplines responding to the survey may have individual 
agendas and will be influenced by their own sphere of activity.   
 
5.0 CONCLUSIONS 
 
This paper has reported on the current involvement by principal contractors in the post 
occupancy evaluation process with a focus on major UK building contractors, supported by 
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data from across the construction industry from all relevant professional disciplines. In order 
for POE to progress into mainstream contractor procedures, a number of elements require 
review: 
 Contractors are active in the POE process but should be doing more to address  gaps 
within their involvement in addition to promoting to all stakeholders their (the 
contractors’) contribution to the process..  
 Clients should lead the process with direct input from contractors. 
 A number of barriers to POE as identified by previous authors are not supported by this 
research (Preiser 1995; Hadjri & Crosier 2008; Bordass et al. 2001). However, previous 
research has predominantly focused on client, FM and designers’ involvement in POE. 
 The role of diagnostic POE is least favoured by the respondents which can be attributed 
to the increased associated costs and resources required to complete this type of POE.  
 Perceptions of current feedback from contractors differ between design and contractor 
disciplines. 
 Dissemination of information internally and externally has the potential to offer 
significant value to organisational and individual development.  
 
These findings are based on only one element of the research methodology. Additional 
methods will be used to improve the scope of the research (Fellows & Liu 2008). Through case 
studies and interviews, further analysis will be possible and should assist in developing an 
approach to implementing POE adoption by construction contractors. Further research into this 
field should include the perspectives of clients and the POE process. It is acknowledged that 
different disciplines have different agendas and requirements.  
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ABSTRACT: Property is responsible for 50 per cent of the UK’s carbon emissions: 
much attention is being paid to ways of reducing energy consumption by the built 
environment.  The goal is to increase energy efficiency and reduce usage of whilst reducing 
energy demand from fossil fuel energy without significantly affecting the function and 
usability of individual buildings. 
 
Renewable energy has been identified as one solution to meet the built environment’s 
energy demands. The construction industry must achieve ever challenging targets in order to 
satisfy clients’ expectations whilst simultaneously delivering projects on time and to budget. 
Previous research has focused in detail on the technologies; relatively little has been 
published on the impact on the contractor including renewables within the construction 
contracting process. Contractors therefore have a vital role in the success of renewable 
energy technologies used on construction projects.  
 
This paper reports on a research project being undertaken at a major UK building 
contractor to identify current practices regarding incorporating renewable energy 
technologies into construction projects. It describes the development of renewable energy 
handbooks for numerous technologies, in addition to identifying changes required within the 
organisation. 
 
The paper is based on a comprehensive literature review on renewable energy technology 
use in the UK construction industry. The methodology development and the expected 
outcomes are discussed, in addition to capturing the stance of a UK contractor on integrating 
renewable energy technology into construction projects.   
 
This paper will be of interest to individuals involved in design, tender submissions and 
site-based disciplines to improve awareness and integration of renewables into construction 
projects. 
 
Keywords: Renewable Energy Technologies, UK, Contractor,  
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1. INTRODUCTION  
 
The Wolstenholme report [1] recognises that whilst there has been progress on the targets 
since the report ‘Rethinking Construction’ 1998, particularly on increasing turnover and 
profit, productivity and reducing accidents, the remaining of the seven targets reduction in 
defects, construction time and an increase in predictability [2] has been insufficient. The state 
of the economy has since changed it has been acknowledged that there is a need for reviewing 
current practice within the construction industry.  
In the emerging “green” economy, renewable energy technologies have been identified as 
a way to mitigate the impact of energy use in new build construction projects. Historically, 
renewable energy technologies have been employed whilst also being subject to stringent 
regulatory requirements (planning policy) could have often resulted in a negative impression 
of the true potential of the technologies.   
Due to the current economic climate, businesses have to align with the Government’s Low 
Carbon Economy in order to move forward. Wolstenholme [1] highlighted the industry’s 
failure to adopt non-financial partnering and return to a “transactional relationship” system. 
This approach is counterproductive to the recommendations of Egan [2] and Latham [3]. The 
current culture in construction organisations lacks leadership to challenge current thinking and 
policies. A potential benefit from the CCC report [4] advocated a “green recovery” from the 
current economic climate through focusing on the industry’s attitude towards the 
environment. 
 
2. LITERATURE REVIEW 
 
2.1 Climate Change 
 
The use of energy in buildings has been identified as having a significant impact on the 
environment both locally and globally. The increase in carbon dioxide (CO2) emissions has 
necessitated Governments to take actions to reduce the levels [5,6]. The UK was one of the 
first countries to address the issues identified in the Kyoto Protocol [6] and has passed a 
number of laws to lessen the UK’s contribution to global warming. The Climate Change Bill 
2008 has been a tool to force UK industries to address their contribution to climate change. 
The Intergovernmental Panel on Climate Change (IPCC) identified the difficulty in 
quantifying the human influence on the climate, however “the balance of evidence suggests 
that there is a discernible human influence on global climate” [8]. 
 
 As a result, the construction industry is defining its role in reducing its impact on the 
environment through sustainability. There is considerable potential for construction 
organisations to achieve this as a part of their core business. The reduction in CO2 emissions 
is a ‘win-win’ scenario for both the construction industry and the UK, as it will generate new 
markets and employment whilst reducing the cost of business operation and dependence on 
fossil fuel through more energy efficient buildings making use of new renewable energy 
technologies (RET) [9]. 
 
 Renewable energy technologies have a large part to play in the reduction of CO2 
emissions from the built environment. The role of RET in the construction industry is 
currently limited. There is significant scepticism towards RETs being used within 
construction projects. However, this unenthusiastic attitude towards RETs in the industry can 
be related to a lack of awareness of the technologies, the process involved in the installation 
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and commissioning of the systems and, most importantly, the operation and maintenance 
procedures. Demonstration projects that have incorporated the technologies to prove the 
outputs have historically been  installations such as larger scale off-shore wind (Blyth, 
Northumberland 4 MegaWatt (MW), Thornton Bank and Rhyl Flats, North Wales 90MW) 
[10], district generation plants or small individual homes.  
 
2.2 Government drivers 
 
The Government’s strategy towards achieving a low carbon economy places great importance 
on the role of renewable energy technologies. Fig 1 shows the potential role of renewable 
heat, electricity and transport leading up to reaching the target of 15% renewable energy by 
2020. 
 
 
Figure 1:  Potential scenario to reach the 2020 targets set by the Government. Source 
DECC [11] 
 
 Since 2000, the UK Government has implemented a number of policies to improve the 
energy sector as a whole in addition to developing a plan to deliver the challenging targets by 
2050. These policies include: Climate Change, Carbon Trust 2001; DTI Renewables 
Innovation Review, 2003; The Energy White Paper 2003 and 2007; The Stern Review 2006, 
and most recently, the UK Renewable Energy Strategy 2008 [9].  
 
 
2.3 Renewable energy in the construction industry.    
 
The Government has shown its commitment to the reduction of greenhouse gases through 
signing up to the Kyoto Protocol targets [5, 8]. The increase in utility costs has also been a 
focal point for clients particularly in the education and public sector where life costs have to 
be as minimal as possible. A small increase on utility bills year on year can be substantial 
over a period of 25 years. RETs can be used to support buildings energy demands but there is 
doubt to its role as a replacement for fossil fuels. A potential solution to the initial capital cost 
of the RET is the introduction of the Feed in Tariffs (FIT) and Renewable Heat Incentive 
(RHI) which offer an income for every  kilowatt (kW) of energy produced by renewable 
generation systems in addition to any revenue generated from exporting excess energy to the 
grid. 
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3. BARRIERS TO RENEWABLE ENERGY TECHNOLOGY  
 
Whilst public opinion towards the energy performance of new build projects can cause bad 
publicity, it can also be influential in changing attitudes and practices that may be acting as 
barriers to new practices or innovations. Previous research by Painuly [12] and Mirza et al 
[13] have identified which could be barriers to renewable energy technology; Policy and 
Regulatory, Institutional, Fiscal and financial, Market related, Technological and Social. Not 
all barriers previously identified are applicable to the construction industry. Nevertheless, the 
following elements were highlighted as important by the case study organisation; initial 
capital cost, supply chain, experience and actual performance of the systems.  
The cost of RET is also misunderstood by the industry which is reflected in the 
communication between clients and contractors. Contractors are aware that RET come at a 
premium compared to that of traditional systems, but the additional benefits of the RETs are 
not ‘sold’ to the client, who ultimately sees two options that do the same job but one is 
significantly more expensive to purchase. On the other hand, the cost of traditional heating 
and electricity use are increasing [14] at a rate that makes the cost effectiveness of RETs more 
favourable, as there will not be a rise in some technologies electricity generation costs. In 
addition to the initial capital cost of the technologies acting as a barrier, taxation through the 
Climate Change Levy [6] has impacts for the majority of new build construction projects.  
 
Immature technology markets greatly affect the penetration and acceptance of RET within 
the construction industry [9]. Wind has been identified as a mature market for both on and off 
–shore installations with the potential to meet the 2020 target if the volume of turbines can be 
deployed across the UK [9]. Notwithstanding the immediate target of 2020, and more 
importantly for the many UK contractors the Zero Carbon target for non-domestic buildings 
by 2016 there is a requirement to continue the trend of reducing CO2 emissions as part of the 
Kyoto Protocol [5, 7]. The feasibility of covering the UK in wind turbines both on and off-
shore presents its own set of problems and therefore, additional RET should be developed. 
Biomass has the potential to provide heating on a micro-scale for individual projects in the 
industry; however, the infrastructure relating to the supply of biomass fuel can negate the 
benefits of using the systems. 
 Technological barriers include lack of standards, codes, certification, skilled personnel 
and installers, transaction costs, suitability with other systems, system constraints and 
reliability [12, 13].  
Social barriers centred around a gap in skills, training, demonstration and community 
engagement along with acceptance by the industry and the wider community in general [12, 
13].  
 
 
4. CASE STUDY COMPANY  
 
The case study of the sponsoring company is one of the largest construction contractor 
companies in the United Kingdom Contractors Group (UKCG) that operates in new build 
construction and refurbishment as well as providing a design consultancy for UK projects. 
The company is the UK subsidiary of Royal BAM based in the Netherlands and has a 
turnover in excess of €1bn. The company operates nationally through seven regional offices, 
Scotland, North East, North West, Midlands, Western, South East and London. Recently the 
company has shown dominance in the education sector on both Building Schools for the 
Future (BSF) and Private Finance Initiative (PFI) contracts. The company acknowledges that 
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in order to maintain a competitive advantage there is a requirement for research into the 
application of renewable energy technology (RET) on construction projects so that they can 
offer the client the best solution, whether this includes RET or not. Whilst the company’s core 
business is construction, it also designs and offers facility management which offer clients a 
complete package of design, build and operate and is a unique selling point and differentiator 
from its competitors in the UK.  
 
 
5. METHODOLOGY 
 
The methodology adopted for this research project was based on previous approaches [14] 
and included a comprehensive literature review, workshops with key design, construction and 
central business personnel, semi-structured interviews with employees and triangulation of the 
different approaches used. The adopted methodology provided greater depth by focusing on 
one major contractor [15] as opposed to a broad questionnaire approach. 
 
5.1 Literature Review:  
 
The initial review of literature provided the grounding for the research and provided an up to 
date perspective of the technologies used within construction projects which had already 
become commercially viable. A number of technologies were also identified with the 
potential to be commercial in the future but were excluded for the purposes of this research. It 
also provided the outline for the themes discussed in the semi-structured interviews and topics 
for the questionnaire and workshop.  
 
5.2 Workshops:  
 
The workshops with personnel from design and construction disciplines provided further 
information on the importance of renewable energy technology within the business. They 
highlighted the lack of experience with RET and identified which RETs should be researched 
within the company. The list of technologies was presented to the members of the workshop, 
and each was ranked based on the perceived importance to the company. The values were 
then multiplied by the frequency by which the members of the workshop identified the 
technologies as of interest to the core business of the company. These included PV, Solar 
thermal, Biomass, CHP, Wind power and Ground Source Heat Pumps (GSHP).  
 
 
 
5.3 Data mining:  
 
In order to identify the experience of the case study company with RETs it was necessary to 
undertake a data minding exercise. The company had not previously acknowledged the 
importance of data on renewable and sustainable technologies installed on completed projects 
which hindered the data gathering process as only financial, time and quality of service were 
recorded. Once the data mining was complete it was necessary to re-visit the workshops to 
discuss further technologies.  
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     5.4 Project case studies.  
 
As a way of gathering and recording the experience with RET within the case study company, 
a number of projects were selected for case study review. This involved semi structured 
interviews with project personnel to identify the technology installed on the project, 
problematic areas with the installation e.g. supply chain, subcontractor expertise, and lessons 
learnt for future projects. The information from the interviews were input into the RET 
handbooks and used as a training tool within the company to promote use and present the 
positive and negative aspects of the technologies.  
 
 
6. RESEARCH STRATEGY 
 
6.1 Current organisational approach 
The current approach to the importance of RETs within the case study company was 
unstructured. The company failed to identify at an early stage the relevance of renewable and 
sustainable technologies and their importance for securing future work. Ignorance towards 
RET from construction teams interviewed highlighted the lack of penetration, knowledge and 
experience with RETs [16]. 
 
Through the data mining exercise conducted as part of the research, a sustainability matrix 
was created in order to identify suitable technologies and the experience the case study 
organisation had with each of them. The elements included in the matrix included the 
following; Photovoltaics, Solar thermal panels, Biomass boilers, Wind turbines, Combined 
Heat and Power (CHP), Geothermal piling, Ground Source Heat Pumps (GSHP), Air Source 
Heat Pumps. During the course of the research additional sustainable features have also been 
included on the matrix to enable the organisation to capture project experience.  
The research has identified the number of projects that have one or more of the renewable 
energy technologies integrated into them shown in table I from the data mining. 
 
 
Table I Case study company project experience with renewable energy technologies since 
2000. 
_________________________________ 
Technology   Number _________ 
 
PV                 16 
Solar thermal                 10 
Biomass                        22 
Wind turbines                 1 
CHP                              10 
Geothermal piling           1 
GSHP                            15 
ASHP                              5 
Fuel cell                          0 
___________________________________ 
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6.2 Outputs  
 
The research into RETs for the case study company generated a number of outputs including 
the previously mentioned matrix. The development of RET handbooks for the company have 
provided an opportunity to address some of the gaps in knowledge. The handbooks are 
focussed on the construction process in addition to design and end-user operation. The main 
aim of the handbook is to provide information on the renewable energy technologies for site 
teams and prevent problems occurring in the site process through educating personnel and 
showing the application of the technologies on other projects.  As an organisation there are a 
number of areas in which RET can be integrated.  
Currently two of the handbooks for GSHP and Biomass boilers are being monitored on live 
construction projects and will be assessed upon completion of the installation phase. A 
workshop will be held to evaluate the benefit of the handbooks to the site team personnel with 
various levels of experience. 
 In addition to the technology handbooks, an electronic waste management system has 
been incorporated by the case study company in order to improve the reporting on waste 
management and one of the research outputs has already been integrated into the tool 
developed in partnership with the Building Research Establishment (BRE). BAMSMaRT 
which enables reports to be generated and included as part of the company’s tender 
submissions to promote the experience the company has with RETs.  
 
 
 
Figure 2. Screenshot of “BAMSMART 
 
6.3 Future work 
 
 The research is on-going for a further two years and will aim at assisting the company 
to identify which technologies would be suitable for projects during the design stage. It is 
clear a number of restrictions are applicable to certain technologies, such as the use of wind 
turbines in built up areas. The research plans to develop a number of training initiatives 
following a systematic methodology previously used to promote the use of a new system 
within a contractor organisation [14] for the design, construction and facilities management 
business units of the organisation to improve awareness of the technologies and assist in 
creating a knowledge sharing culture between the three business units. This will be supported 
by the use of education material from the RET handbooks for each technology with a long-
term goal for continual learning. 
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7. CONCLUSION 
 
This paper has investigated the current status of renewable energy within the construction 
industry from a UK contractor perspective. It has reviewed current literature on renewable 
energy technology and connections to the construction industry through Government policy 
and the overcoming of barriers.  
The case study analysis has highlighted a number of issues related to managing the 
installation of renewable energy technologies within the organisation; and shown how the 
company is addressing the gaps in its knowledge to improve their performance. 
The research supports previous research by Wolstenholme [1] in showing the lack of 
adoption of RET within the construction industry and in particular within a large UK 
contractor. The unstructured approach of the case study company towards RET reflects the 
current practice within the industry [16] 
In order to improve uptake of RET within the construction industry there will have to be an 
education for all parties. Contractors have traditionally been forced to supply what was 
specified by the client and have been limited by the type of contract used. However, since the 
advent of two stage tendering and design and build contracts, the contractor has been able to 
advise the client at an earlier stage in the construction process, typically at stage D of the 
RIBA plan of work 2007. Contractors can no longer hide behind non-existing barriers and 
must accept their responsibility in the life cycle of the project. 
 There is a need for further development in the procurement stage within the case study 
organisation internally to provide the client with best “value”, not lowest cost.  
The financial barriers to RET on construction projects are being addressed by a political 
driver with the introduction of FITs [16] in an effort to increase investment and uptake by 
clients. The scenario is a ‘win-win’ for the UK as an increased investment in the RET market, 
will contribute to the “green economy” in addition to assisting the Government reach its 
renewable energy generation targets set out in the Renewable Energy Strategy [11].  
 The construction contractor’s supply chain should also have a role to play in 
improving RET integration within new build construction projects. Current attitudes to new 
subcontractors relating to RET are met with some scepticism due to the embryonic nature of 
the “green” economy [16]. Until contractors become used to dealing with PV installers as if 
they were bricklayers or carpenters (i.e. well established) there will always be uncertainty 
about the performance of these suppliers. There has been improvement in the attitude of the 
industry towards customer service and its reputation. [1, 2, 3, and 16]  
The case study organisation has highlighted how clients are now becoming more interested 
in the performance of the building over its life and not just on the initial capital cost of the 
project. The inclusion of RET, into construction projects has increased with the developments 
in schemes such as the Building Research Establishment Environmental Assessment Method 
(BREEAM), the hospital specific NEAT and Leadership in Energy and Environmental Design 
(LEED) tools. These can be used by clients to challenge contractors and designers to innovate 
in order to produce the solution. Contractors have used BREEAM scores as a way in which to 
benchmark the performance of the construction process from design through to construction. 
As BREEAM scores are always developing to make it difficult to attain the “Very Good”, 
“Excellent” and now “Outstanding” benchmarks, it challenges construction professionals to 
innovate in order to meet the target. The inclusion of renewable energy in the heavily 
weighted ‘Energy’ section of BREEAM has shown the importance that the RET can have on 
construction projects.  
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 There is a real need for the built environment to reduce its energy consumption and the 
use of microgeneration is a possible solution to meet the demands of the users in order to 
reach the zero carbon targets whilst promoting the use of RETs.  
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Barriers to the adoption of Renewable Energy Technologies by 
the UK construction industry: A UK design consultancy case 
study 
Tristan WILLIAMS, Dino BOUCHLAGHEM, Dennis LOVEDAY 
Centre for Innovative Collaborative Engineering, Department Loughborough University 
LE11 3TU, Loughborough, Leicester, UK 
 
Abstract  
Purpose: The purpose of the paper is to understand what factors prevent the widespread 
adoption of Renewable Energy Technologies (RETs) into commercial projects within a UK 
design practice that operates in education, retail and office market sectors.  
Design / methodology: A literature review was undertaken in order to establish background 
information on the current status of Renewable Energy Technologies within the UK 
construction context. The review focused on the application of building integrated 
technologies relevant to the commercial market opposed to residential. An electronic 
questionnaire was used to gain the opinions of the design consultancy across the main 
disciplines of Architecture, Structural Engineering and Mechanical and Electrical Engineers. 
This was followed by face-to-face interviews with a number of the respondents who were 
willing to participate from the case study company.  
Findings: The paper suggests that the major perceived barrier to renewable energy technology 
adoption into mainstream building projects is capital expenditure. This was further 
investigated through the interviews to see if the individuals lacked detailed knowledge on 
RET systems  
Research limitations: The case study company offered a unique opportunity to research the 
perception of RETs in a design discipline consultancy. This unique opportunity also a 
limitation as only one organisation perspective can be analysed. On-going research within the 
industry should address the sample selection to include other design consultancies.  
Originality: The case for RETs in construction is debatable. This paper addresses the 
perceptions of RETs within a design consultancy focusing on new build projects. It identifies 
barriers to RET in the construction process and highlights the penetration of sustainability 
within a typical design consultancy. This paper will likely be of interest to individuals 
operating in contracting organisations, renewable energy technology suppliers, clients and 
designers. 
 
Keywords: Construction industry, Designers, Renewable energy technology, Barriers, Case 
study 
Introduction 
Regardless of the debate about the affects of mankind on global warming, climate change has 
been widely accepted as a major challenge for all countries to address and is supported by an 
increasing body of scientific evidence [1,2,3,4] The UK has offered leadership on reducing 
the carbon emissions from the country by signing up to the Kyoto protocol and more recently 
passing legislation in order to confirm its commitments to global climate change including the 
Energy Act 2008, the Climate Change Act 2008 and most recently the Energy Act 2010 [5] 
The transition to a “low carbon economy” has numerous benefits for the UK including 
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protecting energy supply from fluctuating markets and external influences whilst providing 
affordable energy for all. The annual energy statement for the UK had a number of 
components including; saving energy through the “Green Deal”, protecting consumers, 
helping businesses and industry to use energy efficiently, improving the energy efficiency of 
the public sector[5]. Through the proposed “Green Deal” the initial fiscal barrier will be 
overcome by utilising a “pay as you save” model which removes the need for high capital 
expenditure in the first instance. Thus the Government is creating methods for homeowners to 
address their contribution to carbon emissions while developing models for new business to 
expand into new low carbon markets. “We use more energy to heat our homes than Sweden 
does, where winters are longer and colder” [6]. 
 
Global Renewable Energy Technologies 
 
Renewable energy technologies offer the production of electricity and heat energy without the 
combustion of fossil fuels and associated CO2 emissions. According to the IEA global 
renewable energy generation was primarily via large-scale hydroelectric schemes [7] The 
reduction in fossil fuel use to generate electricity highlights the importance of the 
sustainability agenda worldwide, however, it does include a significant increase in the use of 
nuclear energy which will be a subject of debate, but it falls outside the scope of this research. 
The increase in solar, biomass tidal and wind energy offers substantial business opportunity 
for the economy. It is predicted that the cost of renewable energy electricity will fall in-line 
with the increase RET adoption by the UK [6].  
 
Renewable Energy Technologies in Construction 
 
The construction industry has failed to truly embrace the role of RETs into new-build 
construction projects. They have traditionally been used as last minute bolt-on applications in 
order to achieve BREEAM ratings or as a publicity activity for developers/ clients. Whilst this 
has raised the profile of RETs role in the built environment, it has often been the cause of 
negativity towards the future of RETs. The use of RETs as bolt on additions to the 
construction project increase the cost of the project which again portrays RETs negatively 
within the industry and to all stakeholders in the process. In order to overcome this negativity 
towards RETs there is a move towards Building Integrated Systems such as Building 
Integrated Photovoltaic (BIPV) and more recently Bespoke Building Integrated Photovoltaic 
(BBIPV). Through the replacement of building components with RETs the biggest barrier 
(Cost) can be offset against a building component such as glazed window units/ curtain 
walling or spandrel panels replaced with energy generating PV panels. 
 
However, some technologies such as wind turbines cannot replace existing building 
components. Wind turbines have successfully been integrated into some buildings, but on a 
much smaller scale than the large scale offshore wind farms around the UK coastline such as 
Barrow (90MW), Blyth (4MW), Burbo Bank (90MW) Gun fleet Sands I & II (173MW), 
Kentish Flats (90MW). Generally they are seen as token gestures and primarily used on 
education projects where they can be used as teaching aides, as opposed to off-setting the 
buildings energy consumption. Turbines do offer an extremely visual attraction for the 
promotion of RETs and are publically viewed as the symbol for “clean, green energy” and 
“wind power is the great success story of renewables development” [4]. This opinion is 
supported [8, 9] and further highlighted the power of “being seen to consider sustainability”. 
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Much of the objection towards RET integration into buildings is the perception that the only 
way to include them are as “bolt-on” afterthoughts which do not fit harmoniously with the 
overall aesthetics of the building. However, there are numerous projects across the world that 
showcases the ability of designers to successfully integrate RETs without compromising the 
design intent of the project. However, changes to the building regulations (Part L 2010) have 
placed increased weighting to the conservation of energy within buildings [10] with a 
reduction in building energy consumption, renewable energy becomes more favourable. The 
financial barriers towards successful integration are partly changed by the introduction of 
Feed-In Tariffs (FITs) and the Renewable Heat Incentive (RHI) which allows financial 
remuneration over a defined period of time in order to promote the use of RETs. FITs are 
possible due to the Energy Act 2008 which allows for the payment mechanism to support the 
use/ installation of small-scale low carbon technologies up to a maximum size of 5MW[5].  
The following technologies have been identified by the sponsoring company as relevant to the 
majority of the projects undertaken by the organisation; Biomass boilers, Solar thermal, 
Ground source heat pumps, CHP, Wind turbines and Photovoltaic.  
 
Energy Consumption in Buildings  
 
The built environment consumes the largest share of the energy in the UK [11] that has 
traditionally been generated through fossil fuel combustion. The UK has faced a number of 
energy crises since the 1970s and environmental disasters (most recently the Gulf of Mexico 
oil spill) which has firmly established the developed countries reliance on fossil fuel. Energy 
security for many countries including the UK is a major concern for the Government. It is 
widely acknowledge that “the era of cheap oil is over” [12], as a result, there are numerous 
incentives to reduce reliance on imported fossil fuel including financial and environmental 
costs, but also ensuring the economy is insulated from the impact of external factors. The 
rising cost of energy to heat and cool buildings affects commercial buildings more, the 
residential sector and existing residential stock in particular have an opportunity to insulate 
themselves from future high energy costs. The building regulations have increased the 
requirement for new build projects to be more energy efficient, however, developers are often 
limited by cost constraints and will achieve the minimum requirements in order to maximise 
profit. The current build-to-sell model does not support the new efficiency requirements as the 
benefits of increased capital expenditure would not be of advantage to the developer e.g. 
lower energy bills during the lifetime of the building.  
 
BARRIERS TO INTEGRATION OF RENEWABLE ENERGY TECHNOLOGY 
 
The Government has shown its commitment to the reduction of greenhouse gasses through 
signing up to the Kyoto Protocol targets of 60% reduction compared to 1990 levels.  
In addition to addressing the consumption of energy through the built environment the 
government is also address the production of the energy from finite primary resources and is 
looking into the potential of renewable energy production through solar energy, biomass and 
off and onshore wind turbines. Figure 1.1 shows the potential for renewable energy in the UK 
by 2020 which the Government’s strategy for a low carbon economy places great importance 
on. In order to achieve the targets set by Government, a number of barriers will have to be 
overcome in order fully integrate renewable energy into the built environment. Research has 
identified and categorised a series barriers to RET in the UK [13, 14]. These included; Market 
barriers, technical barriers, institutional barriers, political and regulatory, social and 
environment barriers.  
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Figure 1.1: Potential for renewable energy for electricity and heat 
Source [DECC – The UK Renewable Energy Strategy 2009] 
 
A lack of a “green energy market” was identified as a major barrier to RET adoption along 
with limited marketing, lack of supply complex “green source” tariffs and a lack of customer 
trust in electricity suppliers [15]. The DTI’s position on the four pillars of energy policy is 
“the environment, energy reliability, affordable energy for the poorest and competitive 
markets for our businesses, industries and households” has also been supported by research 
[15, 16]. The following barriers to RET development have been identified; technological, 
information and social, policy, financial and market-related [13]. These barriers were also 
supported by [3, 17] in addition to a number of drivers for alternative energy technologies 
(AET). The findings included a lack of education or experience with installing AET into 
buildings within the design team. The research was on a cross disciplinary group of people 
with specific experience with AET at a design level and not through the construction process 
[3]. The drivers identified as important to improving AET uptake in the industry included – 
Planning, politics, and Corporate Social Responsibility (CSR).  
 
Financial costs have been identified by various research projects as being a major barrier to 
RET integration into the built environment. The high capital expense of RETs have been a 
major barrier to the relatively slow adoption by the majority of construction projects, as 
traditional forms of energy have traditionally been much lower. “Low payback times” were 
highlighted as a major barrier to RET adoption by the global population [3, 14, 18]. In 
addition to economic barriers, there are market barriers such as deficiency of competition, 
inadequate information, trade barriers that affect the argument for energy efficiency over 
economic efficiency [14]. Technological potential included inadequate or limited knowledge 
and availability of RET. Finally the socioeconomic barriers included social norms, individual 
habits, attitudes, values and other vested interests. The importance of social barriers namely 
“ignorance, perceived risks and the view that these technologies are unproven” which could 
be influenced by the construction team and therefore should not be overlooked [3]. Existing 
research into RETs has focused on the externality costs of RET acting as a market barrier and 
highlighted the following: Uncompetitive market price, price distortion, information, 
transaction costs, buyer’s risk, finance, inefficient market organisation in relation to RET, 
excessive regulation and technology specific barriers [18]. To overcome barriers to RETs 
there is a requirement to exploit existing and new drivers as much as possible in order to 
minimise the impact of existing barriers [3], one method is to maximise the communication of 
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RET’s multiple benefits In addition to communication, stakeholder involvement is vital to 
overcome barriers, as solutions do not always follow barrier identification [13].  
 
 
CASE STUDY 
 
The case study of the sponsoring company is one of the largest construction companies in the 
United Kingdom Contractors Group (UKCG) that operates over civil and infrastructure 
projects, new build construction as well as providing a design consultancy for UK projects. It 
is part of a larger construction organisation that operates internationally. Recently the 
company has shown dominance in the education sector. The company acknowledges that in 
order to maintain a competitive edge there is a requirement for research into the application of 
renewable energy technology (RET) on construction projects to see if their integration will 
offer a new business differentiator or just increase project build costs without providing any 
true value. 
 
 
METHODOLOGY 
 
The methodology adopted for this research project was based on a comprehensive literature 
review, questionnaire survey and interviews with employees. Triangulation of the interviews 
with literature will provide a logical research process. The sample size of the research was 
limited by the number of employees from the sponsoring company (50 in total) within a small 
geographical area in the South East of the UK. The initial review of literature provided the 
grounding for the research and provided an up to date perspective of the available 
technologies used within construction projects in the market areas of the case study company. 
 
The questionnaire survey was divided into five sections; 
 
1. Background information 
2. Experience and understanding of the wider sustainability agenda 
3. Sustainability within the case study company 
4. Renewable Energy Technologies used within the case study company 
5. Barriers to Renewable Energy Technology integration into projects 
 
The survey included a number of multiple choice questions, rating scales and space for 
respondents to expand/ explain their selection if they wished. The rating scale used a four 
point Likert scale to force the respondents to clarify their responses better, “1” being of least 
importance and “4” being of high importance. At the end of each section there addition text 
box were included to allow for respondents to include additional information. The last section 
of the survey asked the respondents if they would participate in a face-to-face interview in 
order to provide more information on their selections and discuss the role of RETs further in 
order to tailor the proposed training for the case study company.  
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RESULTS AND DISCUSSION 
 
This section of the paper presents the results of the electronic survey questionnaire of the 
research. The main objectives of the questionnaire were to: 
 
 Establish the current knowledge of RETs within a design consultancy 
 Identify the barriers most relevant to design disciplines that prevent RET inclusion on 
projects 
The survey started with straightforward questions such as background information on the 
respondent including name, age, region they work in, previous employer(s) and professional 
affiliations.  
 
The professional affiliations varied from; 
 
 Chartered Institute for Building Services Engineering - CIBSE 
 Royal Institute of British Architects - RIBA 
 Architects Registration Board - ARB 
 Incorporated Engineer - IEng 
 Institute of Engineering and Technology - IET 
 None.  
Only five respondents had worked for a different company, which supports the sponsoring 
organisation’s policy to bring through new talent into the company and reduced staff turnover. 
It also limits the knowledge within the company, as experience in other organisations cannot 
be used. With regard to sustainability in general the awareness was between familiar and very 
familiar, not one respondent believed they were experts with sustainability.  
The distribution of the survey within the sponsoring company’s design consultancy was sent 
to all employees (52 in total) and the grouping can be seen in Table 1.1. A total of 23 
questionnaires were completed by the respondents giving a response rate of 44%. The largest 
respondent group was from Architectural disciplines which included; Architects, 
Architectural technicians, and CAD technicians. The remaining respondents included 
Structural Engineers and Management. 
 
 Table 1.1: Respondents disciplines 
 
 
 
 
 
 
 
Discipline Response Percent Response Count 
Architectural 61.9% 13 
Structural 14.3% 3 
Mechanical and Electrical 19.0% 4 
Other 4.8% 1 
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It was important to understand if the respondents had been given any formal training during 
their professional careers, as this could influence their perceptions towards RETs in the built 
environment.  
 
 
 
 
Fig 1.2: Respondents’ experience with RET training 
 
As shown in Fig 1.2 only 15% (3 no) of respondents had received specific training on RETs, 
of these respondents the two forms of training were either as part of a university degree or 
through CIBSE based CPD events. No internal training had been given on RETs relevant for 
the built environment in general and the projects undertaken by the sponsoring organisation 
(predominately new-build education, retail and mixed use developments). When asked if 
designers are in a position to influence clients to include sustainable features, 100% (23 
respondents) believe that designers can influence the sustainability approach to a project. 
However, during the interviews it was highlighted that the company does not always secure a 
project at the appraisal stage, and that it is difficult to make significant changes if a project is 
secured at “Stage D or further” of the RIBA plan of work as the design is mostly complete. 
When asked if sustainable technologies are considered for all projects 80% (16) believe that 
they are with only 20% (4) responding “No”. The following question enquired if these 
projects were completed with RETs installed on them 60% (12) said “Yes”, with 40% (8) 
responding “No”. This shows that nearly 50% of all projects never fully integrate RETs onto 
them. The survey also allowed space for an explanation for the response given. The results 
suggest that as part of the greater sustainability challenge RETs often “value engineered” out 
of projects due to costs. The open-ended response to why they’re not included on projects 
varied from “not knowing” to cost, commercial viability in the short-term resulting in 
omission at value engineering stage, clients requirements/funding streams and practicality 
issues of integration. During the interviews several respondents stated that the stage of the 
RIBA plan of work would dictate the ability for the organisation to consider RETs.  
 
Yes 
No 
Have you ever received training on Renewable Energy Technologies specific 
to the built environment (e.g. excluding hydro, off-shore wind, tidal, wave 
etc) 
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Table 1.2: Are RET considered for all projects? 
 
Are Renewable Energy Technologies considered for every project? 
Answer  
Response 
Percent 
Response 
Count 
Yes 80.0% 16 
No 20.0% 4 
 
 
Fig 1.3 shows the responses to the question “Who should be responsible for ensuring that 
RETs are included on a project?” The majority of respondents selected the client. It should be 
noted is that the designer and local planning authority both was the third most selected 
options. This highlights the overall opinion that designers are not responsible for RETs within 
the organisation. Most clients are not building specialists, therefore would have less overall 
knowledge on RETs than designers or contractors, who should be educating the client on the 
most suitable technologies for the project. 
 
 
 
Fig 1.3: Responsibility for the inclusion of RETs on projects 
 
The respondents were required to rate their experience with the following RETs identified 
from the literature review; wind turbines, Ground source heat pumps, Air source heat pumps, 
Solar thermal, Biomass boilers, Combined heat and power and Photovoltaic. As shown in 
Figure 1.4 below, the majority of respondents had little to no knowledge on any of the 
technologies. Only one respondent had expert knowledge in three RETs, upon further 
investigation the one respondent was a BREEAM assessor and a chartered member of CIBSE. 
It would be logical to suggest that the more experienced individuals are likely to have Expert 
knowledge on RETs. The majority of the respondents with no knowledge or little knowledge 
were from the structural and architectural disciplines, with the majority of knowledgeable 
0%
20%
40%
60%
80%
100%
120%
Client Designer Contractor Planning
Authority
End-user FM
Who should be responsible for ensuring RETs are included in projects? 
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respondents from Mechanical and Electrical (M&E) disciplines. It suggests that there is a 
definite need for the organisation to invest in a structured form of training for the majority of 
employees (Architectural disciplines) to improve the organisations ability to corporate RETs 
into the design of new buildings.  
 
 
 
 
Fig 1.4: Existing knowledge on RETs within sponsoring organisation 
 
The results indicate that knowledge within the sponsoring company is limited by with the 
majority of respondents selecting “no” to “little” experience with RETs. The majority of the 
respondents have had little experience with RETs, which to a certain extent, could explain the 
responses shown in Fig 1.5. The most common technology experienced were Photovoltaic 
(PV) and Combined Heat and Power (CHP) shown in Table 1.3. The majority of the 
respondents that had been involved in a number of projects with RETs integrated on them 
were from the M&E disciplines. It appears that the perception of the organisation related 
RETs to M&E plant (CHP, PV, Biomass boilers, ASHP, GSHP). The low level of structural 
discipline involvement with RETs suggests that there are gaps in knowledge and experience 
across the company that should be addressed.  
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Table 1.3: Project experience with RETs 
How many projects have you worked on that utilised one or more of the following 
technologies?   
Answer 
Options 
0 1 - 2 3 - 5 6 - 8 9 - 10 10 – 
15 
15 
+ 
Response 
Count 
GSHP 5 10 4 1 0 0 0 20 
ASHP 15 3 1 0 0 0 1 20 
CHP 5 11 4 0 0 0 0 20 
PV 5 10 4 1 0 0 0 20 
Solar thermal 7 7 5 1 0 0 0 20 
Biomass 
boiler 
7 10 2 1 0 0 0 20 
Wind turbine 13 7 0 0 0 0 0 20 
 
The RIBA plan of work (2007) (Fig 1.5) was used as a scale to see when designers believe 
that RETs should be considered on a project. As envisaged from the literature review, the 
majority of responses came at the very inception of the project which would allow for RETs 
to become fully integrated into the design as opposed to a “bolt-on” afterthought. 
Notwithstanding the majority score, a number of respondents believed that it was relevant to 
consider RETs after stage D and even after completion of the project during the Post-
Occupancy Evaluation stage (Stage L). Clearly a structured training programme for the 
company would improve the perception of RETs and when to fully integrate them on projects.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 1.5 Stages of the RIBA Plan of Work (2007) that RETs should be considered 
 
Figure 1.6 below shows the overall perception towards the key barriers identified from the 
literature review section of the research project. The “Cost” of RETs was rated as the most 
influential barrier to adoption within the organisation. The remaining barriers all scored 
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similarly, which suggest that they are equally influential barriers to RETs on projects. It 
should be noted that all construction projects must be evaluated separately and therefore the 
impact of the identified barriers could change from each project. “Poor subcontractor 
installation and underdeveloped market of RETs” were considered less effective barriers, 
which could be attributed to the respondents’ limited exposure to RETs on projects as they 
have become more accepted in the past decade. This indicates that the company’s perception 
of barriers to RET adoption is focused on cost, planning constraints and the customer/clients 
attitude towards sustainability, which could contribute to the company’s limited of experience 
with RETs and the organisations approach to risk management especially towards unknown 
and unproven (albeit to the case study company) technology. As few employees within the 
company have actually had formal training, company improvement mechanisms will be 
required in order to change the perception of RETs in order to breakdown some of the 
perceived barriers.  
 
 
 
 
 
 
 
 
 
Fig 1.6: Barriers to implementing RETs 
 
0.00 1.00 2.00 3.00 4.00
Project location
Project contract type
Building type
Perceived Risk
Cost
Lack of information
Underdeveloped contractor supply…
Underdeveloped market for RETs
Poor subcontractor installation
Subcontractors lack knowledge on RETs
Public objection
Contractor culture
Customer's attitude towards…
Government commitment
Planning issues
Variable output from technologies
Unproven technology
Bad experience with RETs
Operational costs of RETs
Please rate the following barriers to the implementation of Renewable Energy 
Technologies in projects on a scale of 1-4 (1 being of low importance and 4 being 
the highest importance)   
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The last section of the survey was to establish the ways in which the respondents could 
overcome the barriers to RET integration within the organisation. There are limitations to the 
influence of the designers in relation to capital cost of the technologies. However, awareness 
training can be influenced by the organisation to improve the general / detailed knowledge on 
RETs.  
Table 1.4 shows the respondents perceptions to overcome the barriers to full RET integration 
on new projects. Training was identified by nearly all respondents to improve the uptake of 
RETs. Increasing knowledge of RETs applicable to the built environment, good experience 
and case studies are all relevant to the organisations improvement as a business. Reduction in 
the cost of technologies (Capex) is something out of the control of the design consultancy, 
however, it should be noted that the use of Feed-In Tariffs and the Renewable Heat Incentive 
to offset the cost over a period of time will aide in the uptake of RETs. This supports the 
position of Cripps et al (2007). The lowest score was “Bad previous experience” (33.3%) 
which had been identified within the organisation as one of the most effective ways of 
employee learning.  
 
Table 1.4: Overcoming barriers to RETs 
 
Which of the following; do you think will enable BAM to overcome existing barriers to 
Renewable Energy Technology?  
Response 
Response 
Percent 
Response 
Count 
Training 94.4% 17 
Good previous experience 72.2% 13 
Bad previous experience 33.3% 6 
Research into technologies 66.7% 12 
Case studies 50.0% 9 
Reduced cost of technologies (CapEx) 77.8% 14 
Improvement in contractor culture 38.9% 7 
Senior management leadership 44.4% 8 
Increase knowledge of technologies 72.2% 13 
Improvement of the supply chain 38.9% 7 
 
During the interviews, a number of respondents expressed confusion between some of the 
technologies identified, particularly Photovoltaic and Solar thermal. The perception of RETs 
within the organisation is fixated on cost comparison. It had been suggested that a lack of 
knowledge and understanding of RETs within the company prohibits the client from being 
fully aware of the potential benefits of some systems. In addition to this, one interviewee (B) 
highlighted that not all projects are managed from Stage A of the RIBA plan of works. When 
the project is at Stage D it is not always possible to change a developed design to include 
RETs.  
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Table 1.5: Improvement mechanisms for improving RET uptake within the company 
 
 
Table 1.5 indicates that the range of improvement mechanisms identified in the interviews 
with employees that support their learning and development styles. Whilst the financial 
barrier was identified by the literature, questionnaire survey and interviews, the ability of the 
case study company to affect the cost of the RETs is limited. Whilst technologies could be 
integrated through the omission of some building components such as building integrated PV 
replacing cladding material, designers are limited to specifying the technologies. However, 
the case study organisation could utilise the construction supply chain as a way to reduce cost 
through partnerships / agreements with suppliers of RETs. This supports the general belief 
(DECC 2010) that the uptake of RETs will increase once there is a sufficient demand for them 
which will reduce the financial element of these technologies. Notwithstanding the demand 
promoted by forward thinking organisations, one interviewee highlighted that Carbon 
Reduction Commitments (CRCs) will be a key “stick” to promote carbon offsetting for large 
organisations in the form of a tax mechanism.  
 
DEVELOPMENT OF A TRAINING INITIATIVE  
 
In order to overcome barriers under the control of the company, the research project has 
produced four from a potential six handbooks on RETs relevant to the built environment. 
These handbooks have been produced through case study analysis of completed and on-going 
projects that have incorporated RETs into the design. The training handbooks will provide the 
start of a training initiative for designers within the company in order to improve the 
knowledge (75%) and showcase good experience (75%); bad experience (30%), as 
highlighted in table 1.4.  
The training and education initiative is currently being deployed within the sponsoring 
company and will be monitored on upcoming projects that integrate RETs. Information from 
the case studies utilised in the handbooks will be expanded to include new knowledge and 
lessons learnt from recently competed projects. The handbooks are available to all company 
staff electronically through the organisations intranet. The handbooks are supported by case 
studies on various completed projects and will provide the base for a suite of “E-learning” 
tools. The E-learning package will be disseminated across the company with on-going input 
from Design, Construction and Facility Management in order to share knowledge on RET 
experience (good and bad), barriers and how they were solved and to produce case studies in 
order to learn from past experiences. It is anticipated that the training programme will provide 
considerable benefit to the company.  
 
Which of the following; do you think will enable BAM to overcome existing barriers to 
Renewable Energy Technology?  
No Improvement Mechanism 
 Interviewees 
Total 
  A B C D E F  
1 Reduction in RET cost X X X X X X 6 
2 Internal training X  X X X X 5 
3 Increased knowledge share X X X X X  5 
4 Case study examples X X X   X 4 
5 Experience with RETs X X  X X  4 
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The main benefits associated are:  
 Improve designer knowledge across all disciplines 
 Identify the impacts of each discipline on another 
 Provide best practice within the company 
 Identify areas to improve within E-Learning and support training material 
 
 
CONCLUSION AND RECOMMENDATIONS  
 
 
The research objective was to identify the sponsoring company’s understanding of the barriers 
towards RET integration on projects. An analysis of the data collected from the survey 
questionnaire and interviews with a number of the staff supported the findings from a 
literature review. The future of RETs in the construction industry is dependent on designers 
understanding the technologies and the integration into the building design. 
 
From the case study company it is apparent that there is a general awareness of RETs albeit 
not clear. As designers they have significant influence on RETs potential use. 
Notwithstanding their awareness, there is a failure in the education and training received on 
RETs with even the most experienced employees receiving no formal training. The lack of 
training has failed to address the perceptions of RETs in construction. The company has since 
addressed this issue through the development of a number of tools designed to improve 
knowledge and experience through dissemination of lessons learnt from past projects and 
breakthroughs in new technologies. It was evident that experience within the organisation 
with regard to RETs is limited to a small number of senior managers. Of those with 
experience, there was a clear preference within the Mechanical and Electrical engineer 
disciplines with Architectural and Structural Engineering disciplines less experienced and 
knowledgeable on RETs. From this situation it can be concluded that a structured education 
process for all design disciplines will offer benefit to the company to overcome 
institutionalised barriers and perceptions of technologies. The education of the employees will 
enable informed decisions to be made on the use of RETs. Whilst the respondents all selected 
“cost” as a significant barrier, only two interviewees were aware of the FITs and RHI 
programmes to increase the commercial viability through incentivising retrofit of RETs such 
as PV.  
The research has provided the initial tools of an internal staff development programme in line 
with the company’s learning and development department. The aim of this portion of the tool 
is to disseminate the organisations experience amongst all employees through case studies and 
detailed lessons learnt to achieve the improvement mechanisms.  
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ABSTRACT: Client satisfaction is a key element of repeat business and for securing future 
work in the construction industry. There are areas still in need of improvement for 
contractors; these areas include the handover process to clients and the subsequent aftercare 
and organisational learning. Post-Occupancy Evaluation (POE) offers an opportunity for a 
holistic perspective towards continual improvement in construction. While the challenges of 
POE have been well documented in the design phase, the role of the principal contractor in 
this area has been under-researched. Existing research has suggested that the key barriers to 
uptake of POE include investment of resources, time constraints, costs and the negative 
publicity generated by the uncovering of poor performance. This paper aims to investigate 
and better understand the opportunities offered and the key issues raised, for contractors in the 
UK construction industry associated with the use of POE. In particular, the role of POE is 
investigated not only to capture real performance data on construction projects but also to act 
as a vessel for ensuring existing and future clients are satisfied with the end product. The 
paper concludes by proposing a set of recommendations to improve contractor involvement in 
the POE process. 
 
KEYWORDS: Contractor, Post-Occupancy Evaluation, Sustainability, UK.  
 
 
 
INTRODUCTION 
 
Interest in post occupancy evaluation (POE) within the construction industry has increased 
significantly over the past decade. It is generally accepted that delivering quality construction 
projects depends not only on innovation and experience but also on successful management of 
the client relationship (Egan 1998). Ever-challenging targets on sustainability set by both 
government legislation and client agendas have resulted in some impressive environmentally-
conscious buildings. The Stern Report (2006) has increased awareness of the potential effects 
of climate change on the UK economy and as a result there is increased attention being paid to 
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the consumption of resources, both materials and energy, by the built environment. 
Contractors are at the heart of the construction process and are frequently involved from the 
early design stage. Nevertheless, the majority of contractors have reduced involvement with 
the output end of the process and regularly deliver buildings of a quality that can be below the 
clients’ expectations resulting in a negative image of construction as reported in various 
reviews such as the Egan Report (Egan 1998). The opportunities for learning from the 
performance of the completed building lie within a number of areas including: analysis of 
design intent and in-use energy consumption; occupant satisfaction and building control 
interaction; and internal environmental performance of the building. This can assist not only 
end users but also the contractor in reducing defects and improving client-contractor 
relationships (Ellis 1987). A considerable amount of research has been conducted on POE in 
other countries; this has focused on the performance of the building in relation to design 
constraints as well as on occupant satisfaction.  
However, there has been a lack of research into the issue of principal contractor involvement 
in the post occupancy evaluation (POE) process. Traditionally, contractor involvement in 
projects did not focus on the end users of the building; however the general operation of 
contractors’ businesses has been altered by influence from the Facilities Management 
discipline (Preiser 1995, Cohen et al. 2001). The innovative aspect presented in this research 
paper is the investigation of the role of the contractor in the POE process and the 
identification of good practice in improving the building environment for the end users. The 
research presented in this paper comprises of a literature review and discussion of the results 
obtained from an industry-based survey that forms part of an on-going research project aimed 
at improving contractors’ involvement in the POE process through identifying key barriers 
and opportunities for contractor engagement.  
 
 
2.0 REVIEW OF POST OCCUPANCY EVALUATION LITERATURE 
 
Post Occupancy Evaluation (POE) has been in use within the construction industry for a 
number of years, yet its influence has been limited. There are numerous definitions of post 
occupancy evaluation ranging from the simplistic “performance evaluation of a building or 
buildings” (MacLennan, 1991) to a “new tool which facility managers can use to assist in 
continuously improving the quality and performance of the facilities which they operate and 
maintain” (Preiser, 1995). Hadjri and Crozier (2009) have highlighted the fact that POE has 
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numerous interpretations, but all involve data collection from people and the building. Baird 
(2001) defined the POE process as “a generic term for a variety of general programs and 
procedures as well as specific techniques for the evaluation of existing buildings and 
facilities”. This interpretation best suits this research as it encompasses all elements to be 
covered by POE. Whilst POE has remained within the architectural domain in the 
construction industry, there is potential for future adoption by other construction sectors, 
including engineering design and contracting. Previous research on POE has predominantly 
focused on the role of the consultant and facilities managers, and the impact that the process 
has on these disciplines. To reach the sustainability targets in the construction industry, the 
whole construction process should be considered holistically. Facilities management as a 
discipline has been influential in promoting the building’s “whole life cost” perspective, 
which places a high value on operational costs of a building and highlights to the client the 
positives and negatives of construction decisions (Preiser 1995, Cohen et al 2001). Ellis 
(1987) reported on the effect on the client on raising the popularity of POE. The Latham 
(1994) and Egan (1998) reports are two of the most important government sponsored reports 
on the construction industry in the last 15 years. The need for these reports was due to 
consistent poor performance by the industry and the wake of copious dissatisfied clients. 
Latham reported (‘Constructing the Team’, 1994) on improving the relationship between the 
client and the principal contractor. POE offers contractors the ability to improve contractor-
client relationship through the identification of good and poor performance of the contractor 
during the construction process and of the client in the in-use function of the building.  
 
 
2.1 POE and Learning 
 
Scott and Harris (1998) reported that the benefits of undertaking a systematic approach to 
construction feedback would be valuable for any organisation. However, while some form of 
feedback is gathered, it is often unstructured and intermittent in its nature. POE can be linked 
to organisational learning especially within contractor organisations within the industry. 
Kululanga et al (1998) stated that construction contractors fail to implement learning 
mechanisms to improve their processes. In order to continually improve contractors need to 
assess their performance. POE offers the opportunity to learn from a completed project and 
enables contractors the chance to prove to future clients that their end products are better than 
their competitors.  
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2.2 Post Occupancy Evaluation Methods 
 
Preiser (1995) identified the following types of POE that can be carried out on a completed 
project: ‘indicative’, ‘investigative’ and ‘diagnostic’. ‘Indicative’ utilises walk-through 
evaluations, group meetings with end users and a general review of building performance, 
usually obtained through energy consumption and water use over a relatively short period of 
time. This is the most cost-effective type of POE, as resource requirements are minimal, as is 
intrusion on the occupants. However, it lacks the depth required to investigate causes of the 
problems that might be identified. ‘Investigative’ is more in-depth and allows for solutions to 
be developed for any problems identified. Primary components of this include survey 
questionnaires and interviews where the results are compared to similar buildings. 
‘Diagnostic’ POE involves the identification of inadequacies in design together with the 
solutions to correct problems, in addition to acquiring data to enhance future design. 
Diagnostic POEs hold the most potential benefits for contractors, designers and facilities 
managers, though the timescale is highlighted as a potential barrier (Turpin-Brook and 
Viccars, 2006). Jaunzens et al (2003) identified the following techniques: questionnaires, 
workshops, interviews, physical monitoring, observations and historical data analysis as 
integral components of successful POE of buildings. Through collaboration with FM and 
designers, contractors could learn valuable lessons from each type of POE. Contractors could 
also offer buildability information to the end user/ operator of the building regarding 
installation/ replace of large building components (mechanical plant etc). This information 
would not be known to the end user without the interaction within POE. Also, the contractor 
may not offer the information initially upon completion of the building for fear of 
overwhelming the end users. Through observing the interactions of the occupants with the 
building further assistance could be provided to maximise the efficiency of the building in 
operation.  
 
 
2.3 Barriers to POE 
 
POE in the construction industry was first introduced in the 1960s. Since then, there has been 
little take-up much to the frustration of social researchers, as emphasised by Hadjri and 
Crosier (2008). Barriers to adoption include costs for undertaking POE, resources required to 
successfully complete the process, litigation for underperforming buildings, and lack of 
overall awareness by all stakeholders (Turpin-Brook and Viccars 2006). Previous research 
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conducted by Bordass et al. (2001) emphasised cost, responsibility of conducting POE, and 
the repercussions on consultants of the results as potential barriers. The ‘Probe’ project argued 
that a culture change would be required in order to fully integrate POE into the construction 
process; this was also supported by Preiser (1995). Whilst previous research has widely 
disregarded contractors in the POE process, barriers from previous research were taken and 
developed to establish if the same barriers that have prevented POE adoption within the 
industry is relevant to construction contractors. It was expected that many of the barriers that 
affected consultant/ clients would also prohibit contractors from engaging with POE. 
However, if POE was viewed as an on-going learning process, issues related to negative 
perceptions to POE could be negated.  
 
2.4 Contractor involvement in POE 
 
Contractor involvement in the POE process has typically been limited, as design consultants 
primarily conducted the studies when commissioned by the client. However, the role of the 
contractor in the overall construction process from design through to operation can add 
significant value to the POE study. Buildability issues related to poor design are typically 
rectified on site by contractors. Issues involving logistical moves of large equipment (tracking 
plans for biomass boiler moves etc.) can be crucial for FM throughout the lifetime of the 
building, yet without contractor involvement in the POE process this knowledge will not be 
recorded.  
 
There has been increased attention on industry led research in the past decade. The 
Technology Strategy Board (TSB 2011) has specifically targeted contractors within the 
construction industry to engage with academia to provide viable solutions to existing 
problems. In the last three years the TSB has engaged with thousands of business from market 
leaders to SMEs in order to promote innovation and cut through the red tape that prevents 
innovations entering the construction market. Construction Excellence (CE) is another body 
that is addressing innovation in the construction industry. Contractors are increasingly 
becoming involved in demonstration projects that promote innovation and have a significant 
role to play in future projects. The majority of the workforce in the construction industry is 
employed by a small number of large national organisations (typically UKCG members). 
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Through targeting large contractors the research will have the greatest influence to affect 
change.  
 
Work by Akintoye and Main (2007) claim that the type of contract used in construction (PFI, 
BSF or Private Funding can improve contractors involvement in collaboration within the 
industry.  It is vital that contractors continually innovate in order to maintain competitive in 
an ever challenging industry.  
Pun and Nathai-Balkissoon (2011) and Steele and Murray (2004) highlighted the role that 
knowledge can play in enabling companies to become competitive. Learning from past 
experience good and bad can assist in improving the image of the industry. Large contractors 
have invested significant resources in marketing and improving the image of the industry.  
 
3.0 METHODOLOGY 
 
The research reported in this paper originated with a comprehensive review of current 
literature on POE with a focus on existing practices within the various disciplines, with the 
aim of identifying possible barriers and gaps that necessitate further research. The literature 
review has shown that the majority of the literature available on POE was heavily focused on 
the lead consultants’, clients’ and end users’ involvement. The review has highlighted the 
need for a further investigation into the role of the contractor through the use of a cross-
disciplinary survey questionnaire with industry-based professionals, in order to identify 
current practice of POE across the construction industry, confirm barriers, and identify the 
contractor’s involvement and contributions to the process. The questionnaire was issued 
electronically to the top 100 construction companies identified by “the construction index” 
and the United Kingdom Contractors Group (UKCG) to gain perspectives from a range of 
practicing professional disciplines. The UKCG was targeted by the research project as the 
principal objectives of the group are: 
• “To influence policies and legislative changes, specific to the construction sector, 
proposed by the UK government and EU institutions, to ensure they are proportionate 
and practicable for the construction industry; 
• To encourage contractors to work together (especially in health and safety and 
environmental issues) to promote change and spread best practice; and 
• To work with other industry groups to achieve a single common voice for 
contractors”. 
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Through targeting the members of the UKCG who contribute £36 billion to the total output of 
the construction industry – a third of the total output (UKCG 2011) it is anticipated that the 
findings will highlight where the industry can make a significant change to current practice to 
improve POE amongst contractors. The random sampling process was aimed at the main 
construction disciplines / roles within the UK construction industry. It did not target specific 
individuals with previous experience as this would not represent a random sample of the 
organisations operating in the UK construction industry.   
 
A questionnaire was designed to incorporate various construction disciplines and utilised both 
open and closed questions separated into key sections, personal information, experience, 
knowledge of POE, barriers to POE adoption, timescale to conduct POE and contractor 
involvement in POE. These sections where developed from the literature review of existing 
research and through a pilot study within the sponsoring organisation.  
 
The objectives of the questionnaire were to: 
 Establish the extent of contractor involvement in POE 
 Gauge opinion from construction professionals on POE 
 Identify barriers to contractor involvement 
 Highlight areas for contractor improvement. 
The research did not target only contractors with experience and knowledge in POE as this 
would provide biased findings. The purpose of the questionnaire was to assess the current 
practice amongst some of the largest UK contracting organisations 
Semi-structured interviews were conducted with respondents identified from the questionnaire 
survey to provide greater detail of the themes under investigation.   
 
4.0 FINDINGS 
 
The aim of the research was to establish the extent of POE within the construction industry. 
This section of the paper presents the findings from the electronic questionnaire element of 
the research.  
From a total of 140 questionnaires sent, 52 responses were received from over 23 construction 
organisations, enabling a statistical analysis to be completed. The contractor group was the 
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largest responding group with 23 respondents. Between them they had 774 years of 
experience in the industry; fourteen of these had actively been involved in the POE process. 
The participants included design professionals (Architects, Structural Engineers, CAD 
technicians) contractor disciplines (Project Managers, Design Managers, Quantity Surveyors 
and Site Managers) and Facility Managers (Building Operators and Facility Managers). The 
breakdown of respondents is shown in figure 1.  
 
Figure 1. Respondent disciplines of survey questionnaire 
 
 
4.1 Experience 
 
From the literature review, it was expected that designers would have a higher involvement in 
POE than contractor disciplines. However, the questionnaire results indicated that contractor 
disciplines have experience in POE. When questioned on their involvement in the POE 
process, four designers indicated that they had ‘high’ to ‘very high’ experience with POE with 
three designers having a ‘low’ to ‘very low’ experience. Of the contractor-based disciplines: 
four project managers (66%), eight design managers (87%), three site managers (60%), and 
five quantity surveyors (83%) had ‘medium’ experience. From these results, it is questionable 
whether designers have more involvement in POE than contractors from this research sample. 
In addition, it was expected that overall involvement in the POE process across all disciplines 
would be limited, based on the review of previous literature (Turpin-Brook and Viccars 
2006). The results do indicate that within contractor disciplines, design managers have a 
greater involvement than the other contractor based disciplines and facility managers. This 
could be attributed to the design manager involvement across all aspects of the design and 
construction phases of a project. These results highlight that POE is increasing across the 
industry and, in particular, contractor involvement in the POE process.  
 
 
22% 
16% 
16% 
13% 
11% 
22% 
Respondent disciplines from survey 
Design Managers 22%
Project Managers 16%
Quantiy Surveyors 16%
Site Managers 13%
Facility Managers 11%
Designers 22%
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4.2 Barriers to Contractor Involvement 
Respondents were asked to indicate the significance of the following potential barriers 
identified from the literature review to contractor involvement in POE: 
 Litigation towards contractor 
 Benefits seen as long term 
 Contractor's resistance to change 
 Identification of problems can portray contractors negatively 
 Difficulty in interpreting POE data 
 Time intensive process, Benefits seen as long term 
 No perceived benefit, Inability to obtain data 
 Internal barriers to gathering data within organisation 
 No existing mechanism for gathering data 
 Lack of resources to undertake post occupancy evaluation 
 Lack of dissemination routes internally 
 Lack of dissemination routes externally 
 No specialist training in post occupancy evaluation 
 Culture within contractors’ organisations does not allow for continual learning 
 Contractors are not interested in projects once completed and handed to client 
 Associated costs can be high 
Table 1 shows the most popular barriers identified by the respondents that prevent contractor 
involvement in the POE process.  
 
Which of the following do you think have the greatest influence on the 
contractor's involvement in the post occupancy evaluation process? 
 Agreement with barriers (No. of people) 
 Very 
low 
Low Mediu
m 
High Very 
High 
Benefits seen as long term 2 8 12 14
 X
  
Associated costs can be high 1 6 13 14
 X
 2 
Time intensive process  3 15
 X
 14 4 
Lack of resources to undertake POE 1 5 12 14
 X
 3 
No existing mechanism for 
gathering data 
3 11
 X
 7 11
 X
 4 
Litigation towards contractor 3
 
 9 14
 X
 7 3 
Difficulty in interpreting feedback 
data 
 10 20
 X
 5 1 
X
 used to identify largest response 
Table 1: Barriers to contractor involvement in POE 
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4.3 Timescale to Undertake POE 
The most interesting finding of the research highlighted a lack of understanding of POE in 
general. When asked “When POE should be completed on a project?” not one respondent 
selected the option of ‘19 months- 5 years’. Research by Preiser (1995) suggested that there 
should be an acclimation period for users to become familiar with the new building. 18 of the 
respondents (three project managers, four design managers, three quantity surveyors, two site 
managers and six designers) indicated that ‘9-18 months post practical completion (PC)’ was 
the most applicable to undertake POE on a project. Less than 12 months post PC was selected 
by 17 respondents (two project managers, three design mangers, three site managers, three 
FM and two designers), which would be within the defects period on the majority of 
construction projects. This contradicts previous research by Preiser (1995). However, due to 
the range of disciplines, it appears there is no definite period in which the industry believes 
the POE should be completed on a project. The contractor discipline responses could be 
explained by the current culture of achieving practical completion, perceiving this milestone 
as the completion of a project. Six designers (75%) chose ‘9-18 months’, which suggests that 
POE is more established in design disciplines compared with the three FM participants who 
selected either 1-2 months or 3-5 months, though this would not offer end users enough time 
to become accustomed to their new environment and for defects to become apparent. It would 
still be within the twelve months defects period covered by most forms of contract, and would 
involve the principal contractor. 
 
 
Figure 2. POE timescale  
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The respondents were then asked to state when contractors should be involved in POE. The 
most frequent response was 9-18 months post PC, accounting for 50% of respondents. The 
timescale range of 9 – 18 months suggests there is a requirement for further in depth research 
in this field as it shows the limited knowledge of POE methods within the industry. These 
results for contractor involvement in POE again showed no respondents selecting the period 
19 months – 5 years. The results from the questionnaire imply that perceptions towards 
timescale regarding POE should be reviewed. Contractors in particular should see POE as an 
opportunity for company learning and should adopt it as a company procedure to ensure that 
individual project evaluations are conducted within the defects period of a project. The 
facility management discipline should have a more long term perspective; however, the 
results could be focused on an individual project following practical completion (PC). This 
suggests that an education initiative would benefit contractors in particular to improve their 
understanding of POE.  
 
4.4 Feedback 
 
Feedback on construction projects is a key element of the POE process (Roberts 2001). The 
construction industry’s attitude towards feedback has been criticised by numerous authors 
including Latham (1994) and Egan (1998). In the present study, respondents were asked 
whether UK contractors provide adequate feedback (on both good and bad practice) to all 
stakeholders involved in the building process. When comparing responses from design and 
construction professionals, there appears to be incompatible views on feedback. The designers 
felt that, overall, feedback from contractors was less than adequate for positive elements, 
compared with the contractor disciplines that believed feedback to be sufficient. The response 
for poor performance feedback appears to be higher, which could be linked to the use of 
litigation and adoption of a blame culture between designer and contractors as a means for 
recouping financial losses which is traditionally associated with the UK construction industry.  
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Figure 3 Contractor performance improvement through POE 
 
 
4.5 Performance Improvement 
Over 31 (84%) of respondents (5 project managers, 8 design managers, 4 quantity surveyors, 
4 facility managers and 8 designers) agreed or strongly agreed that the use of POE could 
assist contractors in improving their performance (Figure 3). When asked who should lead 
POE, ‘the client’ was the most frequent response, with 14 respondents (41%). These include 
design and contractor disciplines (four design managers, one project manager, three quantity 
surveyors, three site managers and three designers). 
 
 
5.0 INTERVIEW RESULTS  
 
The initial questionnaire survey provided the research sample for the face-to-face interviews. 
The respondents that were available to participate further with the research were contacted 
and a suitable time and location was selected to conduct the interviews. In total, 7 respondents 
from the questionnaire from various locations across the UK were willing to participate (see 
Table 2). The main aim of the semi-structured interviews was to gain data on the tacit 
knowledge of an individual on the subject of POE. The use of semi-structured interviews 
allowed the respondents to convey their understanding of the subject area. Where insufficient 
experience with POE was highlighted, the interviewees provided their opinions on the 
16% 
68% 
16% 
Contractors can improve their 
performance through POE 
Strongly Disagree 0%
Disagree 0%
Neutral 16%
Agree 68%
Strongly Agree 16%
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progression of POE within the construction industry, in particular the role of POE within the 
principal contractor.  
The findings of the interview element of the research were separated into the four themes: 
Current practice, Barriers, Timescale and Feedback. The findings supported the key results 
from the questionnaire survey that showed experience within contractor disciplines and the 
timescale required to conduct POE.  
 
 
 
 
 
 
 
 
 
 
 
Table 2: Interviewee job title, Employer and location  
 
 
5.1 Current Practice 
Within the current practice section the key finding was the fact that the predicted lack of 
penetration of POE within contractors was contradicted. To the contrary, general contractor 
involvement had increased within the contractors interviewed although there was limited 
experience with POE methods. Notwithstanding the increase amongst contractors, the limited 
involvement from Design and FM disciplines was of concern. This could be related to 
organisational learning having a low priority within construction companies. It is believed 
that the location of the interviewee had a limited influence on the responses as all participates 
were employed by large organisations with national coverage. The respondents from large 
organisations stated that there are company procedures that are adhered to across the UK. A 
number of the organisations were multinational; however, for the purpose of this research 
countries outside the UK have been excluded.   
 
 
5.2 Barriers 
The most significant barriers identified included a poor understanding of the most effective 
time to conduct POE on a project, identification of problems can portray contractors 
No Job Title Company Location 
1 Design manager Contractor A Site South East 
2 Design Manager Contractor B Office North East 
3 
Senior Architectural 
Technician 
Design Consultant A Office South East 
4 FM Manager Facilities Management A Office Scotland 
5 Structural Engineer Contractor C Office Western 
6 Snr Quantity Surveyor Contractor D Site Midlands 
7 Snr Design Manager Contractor E Office London 
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negatively, time-intensive nature of conducting POE and lack of resources to conduct POE by 
the research were supported by the interviews. The interviews gave an opportunity for the 
respondents to expand on their choice for the ‘barriers’ section of the questionnaire. Many of 
the responses involved the financial barriers e.g. costs for conducting POE and the current 
economic climate which prevents organisations from investing into in-house or external 
research and development. It was concluded that most of the companies involved in the 
interviews will resort to completing core business strategy rather than diversifying and 
increasing expenditure into new areas such as research into POE. 
 
 
5.3 Timescale 
All of the respondents interviewed highlighted that POE should be undertaken within the 12 
months defects period post-PC. This short-term viewpoint was expected from contractor 
based disciplines as current business practice indicates that the end of defect liability 
(typically 12 months) is the end of the contractor’s involvement with a project, as all financial 
dealings (typically retention) will be finalised. However, the fact that both Designers and FM 
agreed that POE should be done within 12 months of completion further indicates the 
deficiency in POE knowledge within the industry. This again supports the arguments by 
Wolstenholme (2009) that the industry has failed to make significant progress since Egan 
(1998) and Latham (1994) against the quality-driven agenda and continual learning.  
 
 
5.4 Feedback  
From the interview responses, the lack of communication between end-users and construction 
professionals within the industry is clearly apparent. Previous research has highlighted the 
need for quality feedback within the industry in order to provide better buildings. Scott and 
Harris (1998) concluded that a structured approach to feedback would be of benefit for any 
organisation. In addition to this, clients are looking at previous experience and want buildings 
that are more efficient without increasing building costs. The potential impact on design from 
cross-organisational learning could change the way buildings are designed and operated in the 
future. The respondents all acknowledged there is a need for better, more detailed, feedback 
from the FM and Design stages of the construction process. However, several interviewees 
showed concern that the financial implications of conducting feedback and the resources 
required to complete the various levels of POE could potentially prevent the process being 
completed on construction projects. Identification of failures in a project’s design could have 
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significant financial implications for the contractor. In addition to this, the cost of correcting 
problems identified by POE was showed the apprehension from the majority of interviewees 
towards conducting POE. Not one interviewee believed that POE should be completed by 
contractors in order to learn how buildings are managed and operated in order to make them 
more efficient. This was summed up by one interviewee’s response “if we don’t get paid for 
it, we won’t do it”.  
 
 
6.0 DISCUSSION 
 
6.1 Current Practices 
The initial questionnaire survey indicated that the use of POE within the industry is still 
relatively limited as identified by Hadjri and Crosier (2008). This research project focused 
predominantly on the contractor and key disciplines. However, the majority of the 
respondents believe that the organisational culture supports change, and does not present a 
barrier as might have been expected. In support of existing literature (Cooper 2001), designers 
are still predominantly more involved than contractors in POE. However, the results suggest 
that Part M: Feedback, of the RIBA plan of work is not followed by the design organisations 
that participated in this research. 
 
6.2 Barriers 
Only a small number of the barriers identified from the literature review are corroborated by 
this research. The following barriers identified by existing research all scored relatively low 
responses across all disciplines which suggests these are minor barriers to POE within 
contractors: Litigation, communication (internally and externally of the organisation), 
organisational culture, and contractor interest and perceived costs. However, associated costs 
for conducting POE are a significant factor for all respondents regardless of their discipline 
which suggests that costs could be a major barrier if not properly managed by the contractor. 
The monetary component of POE could have resulted in low uptake by many organisations, 
especially during an economic recession as contractors have to assess the risks associated with 
diversifying into new business areas. An emergent finding that warrants further discussion is 
the lack of perceived leadership in POE which when combined with a gap in knowledge 
regarding POE in general, could present a major barrier. Wolstenholme (2009) highlighted 
that the “era of client leadership maybe over, as the credit crunch seems likely to limit 
funding”. Instead, supply chain leadership is emphasised as a key area to move the industry 
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forward as a whole. Finally, as all disciplines could potentially be affected by the findings of 
POE and subsequently be made accountable through the industry’s claim culture. This leads 
on to the next theme of future development of POE in the industry which should be 
championed by contracting organisations to improve building and organisational 
performance.  
 
6.3 Future Development 
The question regarding responsibility for undertaking POE on a project was the most 
interesting result of the research. Over 41% of the respondents believed the client should be 
responsible for completing POE on a project which supports the findings by Ellis (1987). In 
addition, 62% of respondents believe the client should cover the costs associated with POE. 
Yet all parties involved in the process would gain valuable knowledge on building and 
product performance, costs and buildability to assist in continual improvement, as identified 
by Scott and Harris (1998) and by Kululanga et al. (1998). In order to improve the delivery of 
construction projects, it would be of benefit for the contractor to take on the responsibility for 
their own organisational / cultural development in order to reach some of the targets identified 
by Egan (1998). Seven design managers, five project managers, three quantity surveyors, four 
site managers, four facility managers and six designers (80% of respondents) agreed or 
strongly agreed that the contractor should provide evidence that the building performs as 
designed. In order to provide evidence, POE can be used to display the contractor’s 
commitment to delivering a quality building to the client. The contractor should acknowledge 
their responsibility to deliver a project as designed. This is supported by new forms of 
building assessment from the BRE through BREEAM and the Government’s requirement for 
all public buildings to have display energy certificates (DECs). Therefore the position of the 
contractor in POE would ensure an enhanced predictability for the client and end users, which 
would go towards achieving targets, set by Egan (1998). It is also acknowledged that the 
various disciplines responding to the survey may have individual agendas and will be 
influenced by their own sphere of activity.  
 
6.4 Limitations of current POE 
This research suggests that current POE methodology used within the industry has failed to be 
fully adopted by construction contractors. Contractor organisations that generally accept 
formal structured processes have not embraced POE in its current format. It has however, 
penetrated further into some contractor based disciplines than expected.  The reliance of the 
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traditional form of POE conducted by design consultants has a number of barriers the 
progression of POE within the industry. The cost model for design consultants is front-end-
weighted which results in a reduction in project resources over the duration of the project. 
This has a significant impact on the ability to conduct POE to the required level. The 
emphasis of current practice is for the designers of a project to return upon completion and 
conduct the POE.  
 
7.0 Current Research Strategy 
 
The sponsoring organisation, like most respondents that were interviewed, does not currently 
conduct a formal POE system when a new project is transferred from construction to 
Facilities Management. It does however; operate a customer aftercare service which 
predominately focuses on building defects and not on the performance of the project. As part 
of an initiative within the sponsoring organisation, POE will be conducted on three case study 
projects in order to inform both design and construction professionals. These case studies will 
highlight both positive and negative elements of constructed projects and will share 
knowledge within the sponsoring organisation and with key stakeholders in the design and 
build process.  
Based on the findings of the research, a training initiative is currently being developed to 
assist in the education of the sponsoring company employees across Design, Construction and 
FM on the performance of building components. The training initiative includes workshops 
that will allow for cross disciplinary knowledge transfer from designers and construction 
professionals and an E-Learning package. 
 
8.0 Recommendations for the industry/ further research 
 
The findings of this research highlight a number of areas that should be explored further both 
in industry and through academic research. In order to improve contractor involvement in 
POE and ultimately improve the buildings constructed for the occupiers.  
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8.1 Recommendations to Industry 
1. Contractors need to actively seek to increase their involvement in POE. The most 
effective way would be to take a leadership role in the POE process (supported by 
Wolstenholme, 2009)  
2. Perform indicative POE on projects to identify elements that under/ over-perform. 
Following the findings from the indicative assessment it may be necessary to conduct 
further in-depth studies using investigative and/or diagnostic methodologies 
3. Involve the whole project team incorporating experience from multiple disciplines, the 
client and consultants  
4. POE should be conducted on projects after the 12 months defects liability period and 
not before in order to allow occupants to establish themselves into the building (see 
section 4.3) 
5. Development of a training initiative would assist in the education of construction 
professionals to the benefits offered by conducting POE on projects (see section 4.3) 
6. Knowledge learnt on all projects should be managed effectively to ensure future 
projects benefit from the experience of all stakeholders in the construction process 
7. Where facility management operate buildings, feedback should be obtained at 
predefined periods (monthly, annually etc) in order to build up knowledge on the 
performance of building components and design (see section 4.3).  
 
8.2 Academic research 
Elements that require further research are summarised below. 
1. Contractors are active in the POE process but should be doing more to address gaps 
within their involvement, in addition to promoting to all stakeholders their (the 
contractors’) contribution to the process 
2. “Lack of leadership of POE” within the construction industry has been identified as a 
major issue. The traditional business model for contractors inhibits motivation towards 
POE, it is suggested that if no party takes leadership of the POE, the client should 
appoint a third party consultant to ensure it is completed 
3. Contractors should view POE as a business opportunity to improve the end output for 
the client and end-users and not another expensive problem 
4. A number of barriers to POE as identified by previous authors are not supported by 
this research (Preiser 1995; Hadjri and Crosier 2008; Bordass et al. 2001). However, 
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previous research has predominantly focused on client, FM and designers’ 
involvement in POE and not that of the contractor. With the use of Design and Build 
contracts the role of the contractor is far more involved in the construction process 
from design through to occupation in the form of “soft landings”. It is therefore 
necessary that further research is conducted on barriers specific to contractors.  
5. The role of diagnostic POE is least favoured by the respondents which can be 
attributed to the increased associated costs and resources required to complete this type 
of POE. It should be noted that the majority of respondents had little to no experience 
with POE and therefore the perceptions towards cost are easiest to relate for most 
professionals 
6. Perceptions of current feedback from contractors differ between design and contractor 
disciplines which identified poor communication and a lack of knowledge of the POE 
process. It was identified that POE will only identify the negative elements rather than 
highlighting good practice  
7. Dissemination of information internally and externally has the potential to offer 
significant value to organisational and individual development of all stakeholders 
involved in the process. The traditional method in construction is trial and error which 
has limited benefits  
8. FM disciplines need to be involved in the POE process and should be in direct 
communication with the design and construction team to ensure lessons are learnt for 
future projects.  
9. POE within the supply chain, particularly SME’s involvement should be explored in 
order to identify the impact of component/ trades/ specialist specific. This research has 
explored large national contractors which have defined procedures that can be 
amended to include an element of POE, SMEs have not been included in the scope of 
this research project 
10. Further research is recommended on commercial data for conducting POE on 
completed projects in order to showcase the real world costs associated with POE to 
contractors  
11. The relevance of the type of construction contract used should be reviewed further. It 
was identified that Design and Build contracts may create a different position on POE 
to that of a traditional contract, due to contractor involvement in the design element 
and the impact of CDM regulations.   
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12. Conduct further research into specific organisations that do undertake POE on 
completed projects and not just a wide selection of large UK contractors.  
 
 
 9.0 CONCLUSIONS 
 
This paper has reported on the current involvement of principal contractors in the post 
occupancy evaluation process with a focus on major UK building contractors, supported by 
data from across key construction professionals. The questionnaire and interviews support 
existing research by Zimmerman and Martin (2001) with regard to incentives and liability 
associated with POE and Hadjri and Crozier (2008). However, some of the findings suggest 
that contractor-specific barriers need to be addressed in future research within the industry to 
indentify the cause for poor uptake of POE by the industry. The benefits have all been 
identified and, by and large, the attitude towards POE is positive, yet it still fails to be 
integrated into many organisations and by the industry as a whole. In order for POE to 
progress into mainstream contractor procedures, a number of elements require review (shown 
in section 8.2)  
 
Like many organisations, the sponsoring company’s involvement with projects post-
completion is predominately associated with defects opposed to evaluating the projects 
performance. The role of the contractor in POE development is vital in order to improve the 
industry’s ability to deliver high quality projects. Through the introduction of a training 
package to the company it is envisaged that a structured approach towards POE will be 
undertaken in order to learn from successes and failures to promote a learning culture across 
all disciplines and business units. The outcomes from this will be reported in due course.   
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Abstract 
Renewable Energy Technologies (RETs) have been identified as one of the possible solutions 
to the built environment’s energy crisis. However, the construction industry to date has 
limited experience in the use of these new technologies and it is essential that the confidence 
of the industry is grown as regards the future routine incorporation of RETs in construction 
projects. Current training approaches used in the construction profession can act as a barrier 
towards delivering and receiving training. Traditionally, construction projects are often 
viewed as isolated silos of knowledge within contracting organisations. This makes training 
for non-trade specialist professionals limited to ad hoc tuition delivered by third party or 
specialist consultants which removes them from valuable construction project time and at 
considerable cost to the organisation.  It is proposed that a new method of training should be 
implemented to improve industry knowledge and experience with RETs. Contractors need to 
be made aware of the advantages of RETs in the built environment. Construction projects 
involve multiple disciplines and individuals to collectively solve problems within a team 
environment. Therefore the management of these multidiscipline construction teams across 
the industry requires an increased level of knowledge in areas not previously associated with 
contractors. 
The aim of this paper is to showcase a method of introducing RETs to an audience that is 
traditionally cautious when it comes to new technologies and difficult to train within a 
fragmented industry context. This paper reports on research undertaken within a major UK 
construction contractor to develop and implement a training package that blends engagement 
and education on the role of RETs in the construction industry and facilitate feedback on 
experiences within the organisation. The study shows the first phase of the new training 
initiative and the perceptions towards the use of RETs in the built environment. It presents the 
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initial results of a training initiative that has been developed within a contracting organisation. 
The findings are likely to be of interest to designers and those involved in construction, 
sustainability, Renewable Energy Technologies (RETs), knowledge management, trainers and 
those involved with training construction professionals. 
  
Keywords: Contractor, Training, Renewable Energy, Knowledge, UK 
 
 
1. INTRODUCTION 
 
The construction industry is notoriously slow to change existing practices (Egan 1998, 
Latham 1994 and Wolstenholme 2009) and as a result there is a need to provide training and 
support to a generation of construction professionals with limited experience of working with 
RETs in order to overcome organisational barriers. The construction industry accounts for 8% 
of the UK’s GDP and employs directly and indirectly over 2 million people across 300,000 
firms. For this reason, the government uses it as an economic regulator (BIS 2012). The 
industry relies on information and knowledge (Ribeiro 2009) which is often lacking within 
organisations due to the fragmented nature of what is essentially a project based industry, 
preventing the transfer of knowledge from one project to the other. Supporting construction 
professionals to contribute to the generation and dissemination of knowledge through a 
training initiative to enhance the effectiveness of the business is a challenge facing many 
organisations in the current economic climate (Obaide and Alshawi, 2005). It is widely 
accepted that knowledge can offer a competitive advantage (Matusik and Hill 1998, Vakola 
and Rezgui 2000, Tallman et al 2004). In order to achieve this transfer of knowledge, 
organisations have to take advantage of their most useful asset – People. The collective 
learning of a construction organisation suffers from limited knowledge sharing which is 
associated with a conservative culture and existing practices within construction companies. 
Ingrained practices and organisation barriers have been identified as a major barrier to 
innovative change (RfP report, 2000) which was further supported by the findings of Vakola 
and Rezgui (2000), Robinson et al (2005) on resistance to change.   
Traditionally, the construction industry has been depicted as an industry that is mostly 
populated by skilled manual labour, is slow to innovate and produce poor quality end 
products to the disappointment of clients (Dainty et al 2002, Egan 1998, Latham 1994, 
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Kululanga and McCaffer 2001, Wolstenholme 2009). It has since attempted to improve its 
reputation and its performance but not nearly enough as hoped (Wolstenholme 2009). 
Training within the construction industry has been well documented, from traditional 
apprentice on-the-job training which is still relevant for contractors but more prevalent in 
SMEs (Beaver and Hutchings 2005, Latham 1994) to part-time degree courses at universities. 
Site based construction projects utilise “toolbox talks” to disseminate essential information to 
the labour force to improve performance and comply with rules and regulations established by 
the principal contractor. Beaver and Hutchings (2005) identified that during heightened 
exposure to market pressures larger construction organisations have an advantage over small 
medium enterprises (SMEs) regarding the motivation and retention of human resources. The 
nature of construction projects does not facilitate cross knowledge sharing outside of the 
project environment. Abdel-Waham et al (2008) states that construction companies should 
actively address the “skills shortage” within the industry and deliver the required training for 
the workforce. Large contracting organisations have an opportunity to greatly improve 
professional’s skills through new training methods.  
 
 
2.0 LEARNING FROM PAST PROJECTS 
 
Construction projects are rarely reviewed post-completion of the building. Contractors in 
particular fail to conduct adequate reviews of the end product and the process with a view to 
improve performance and learn from past experiences (Kululanga and Kuotcha 2008). The 
emphasis of regular team meetings throughout the building process is primarily focussed on 
the cost and timescale of the project. Contractors, in particular, appear to repeat the same 
problem on multiple projects despite procedures in place to avoid this. This could be related 
to the nature of the industry and to the variety and temporary nature of team relationships that 
develop to complete a project. At the end of a project, the team disperses within the 
organisation to form new teams on different projects. Failure to capture the lessons learnt on 
projects was identified by Vakola and Rezgui (2000) as a significant limitation of managing 
corporate knowledge.  
 
Whilst designers specify products for new build construction projects, little knowledge on 
performance is relayed back to them by the end users or contractors. This further highlights 
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the lack of continued learning, communication of information and knowledge management 
within organisations in the construction industry which was also identified by Robinson et al 
(2005). This is an important element overlooked on nearly all construction projects; the in-use 
performance of, and end-user satisfaction with, the built product.  
 
Williams et al (2010a) highlighted the benefits for contractors of conducting post occupancy 
evaluation (POE) and included lessons learnt from failure and successful projects, and these 
can be quickly identified by the end-users of a building. This information can be used to 
benefit contractors, designers and future projects by identifying problematic areas and to 
prevent “reinventing the wheel” in each project. Foy (1994) identified that when employees 
are engaged through using their experiences to plan and make decisions, the whole 
organisation can benefit. Knowledge capture sessions can be used to engage with the 
contractor workforce when particular technologies, for example RETs are integrated during 
the construction phase. This will prevent the knowledge being lost due to inadequate record 
keeping processes within an organisation at the end of a project (Vakola and Rezgui 2000) 
whilst ensuring that employees perceive their input as a positive contribution for the 
organisation’s learning. The use of POE data can also support the credibility of any future 
training initiatives.  
 
 
3.  METHODOLOGY 
 
This research forms part of a wider research project on the integration of Renewable Energy 
Technologies in the built environment as part of an Engineering Doctorate programme in 
partnership with Loughborough University and the Engineering and Physical Sciences 
Research Council (EPSRC). The work presented is the first phase of the development and 
deployment of a larger research programme into RETs in construction undertaken between 
industry and academia. The research investigated the impact of a training initiative 
implemented within the sponsoring organisation. A case study methodology was used to 
enable the researcher to gather detailed information on the implementation of the training 
initiative within a major UK contractor. 
A pre-intervention structured survey was distributed to all site-based construction 
professionals (circa 500 people) to establish levels of knowledge on RETs and current 
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practice regarding training and development within the sponsoring organisation. The most 
prevalent technologies identified were investigated further through a comprehensive literature 
review in order to provide background knowledge to each technology. Literature was cross-
referenced to the sponsoring organisation’s experience through interviews with key personnel, 
from senior project managers and building services managers to office-based business 
development managers. This was carried out in order to produce “handbooks” for each 
technology that could be circulated within the company (Williams et al 2010a) whilst 
identifying the current status of RET within a construction contractor organisation and 
highlight barriers to its potential penetration into the built environment. 
The main findings from the review (Williams et al 2010b, Williams et al 2011) highlighted 
the need for training on RETs within contracting organisations. This enabled the authors to 
develop a practical training programme tailored specifically to the needs of a UK contracting 
organisation. By improving the quality of training available to staff on RETs, the research 
could offer a real commercial benefit to a company in a time of economic uncertainty and 
pressure of increased competition through engaging with staff to aid organisational learning. 
Interviews with the pilot study group were conducted using best practice in addition to a post-
intervention self-assessment survey to evaluate the impact of the training initiative within the 
organisation and were triangulated with existing literature on training.  
 
 
4. CASE STUDY 
 
BAM Construct UK Ltd (where the training package is being developed and implemented) is 
one of the largest contractors operating in the UK construction industry with an annual 
turnover of £1bn and is a key member of the United Kingdom Contractors Group (UKCG – 
Formerly the Major Contractors Group MCG). The company operates within an ever 
challenging construction market across the UK are in an uncertain economic climate. The 
underlying objective for implementing the training initiative within the sponsoring company 
was to enable efficient learning and knowledge dissemination. To deploy the initiative across 
multiple contractors would involve significant time requirements in the research programme, 
therefore it was decided that the pilot study would be limited to the sponsoring organisation, 
and hence act as a typical example. 
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4.1 FINDINGS FROM THE PRE-INTERVENTION SURVEY 
Prior to implementing any training component, it was important that the research identifies 
the current state of the sponsoring organisation’s operation regarding RETs and the sharing of 
knowledge. A structured questionnaire survey was distributed to construction professionals 
across the disciplines of design and construction. The response rate was 44% (220) and was 
deemed acceptable and represented a cross section of different disciplines, as shown in Figure 
1. 
 
Figure 1. Respondent disciplines 
 
The survey established the levels of training offered to the organisation’s employees. An 
overwhelming 93.52% (n= 202) of respondents had not received any training on the use of 
RETs in the built environment. Of those that had received training (4.63%, n=10), this was 
within a University degree or external course not affiliated with a contractor, which further 
highlighted the need for structured training across all disciplines within the organisation.   
 
The respondents were asked to identify how contractors can overcome barriers to the uptake 
of RETs in construction. The results are shown in Figure 2 and clearly identify training, 
learning from previous experience, reduced cost of technologies and increase knowledge 
sharing within the company as key elements. It was decided that the research conducted could 
potentially have an influence on internal barriers to RETs relating to contractors, and 
therefore training and knowledge share were targeted as an area for further research. 
Reducing the capital cost of RETs was outside the scope of this research project.   
 
Respondent discipline
23%
20%
15%6%
7%
15%
14%
Project Management Quantity Surveying Site Management
Building Services Support Services Design
Other
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Regarding knowledge sharing practices within the organisation, it was important to establish 
the existing lines of communication. The organisation is formed from three separate business 
units within the UK: Design, Construction and Facilities Management (FM). The findings 
show minimal communication between business units and sectors within the organisation; this 
is of particular relevance to the FM unit which is responsible for operating buildings 
completed by the other two business units. The FM business unit has a wealth of experience 
regarding the operation of buildings and could share this knowledge to prevent future 
problems re-occurring; however the lines of communication are limited to a small fraction of 
the surveyed population, with over 80% (n= 149) having no contact with the FM business 
unit.  
 
 
Figure 2 Overcoming existing barriers to RETs 
 
The vast majority of respondents believed that knowledge share within the company would be 
beneficial. However, when the respondents were asked to indicate their level of interaction 
with other sectors or business units, the results showed a lack of communication. Only three 
participants said that knowledge share was “very good” within the company. It was expected 
that respondents based “on-site” would have less awareness of knowledge sharing systems 
within the company due to working in project- based environments compared to office 
workers. The results indicated that senior management (Project Managers) believe knowledge 
Which of the folliowing do you think wil enable contractors to overcome existing barriers to RETs
18%
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Senior management leadership Increase knowledge sharing within the company
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share was good within the company. Upon further questioning, it was discovered that project 
management have an increased opportunity to participate in knowledge share with colleagues 
during a bi-monthly management meeting.  
 
5. DEVELOPMENT OF THE TRAINING MATERIAL  
 
The results of the pre-intervention survey provided the benchmarks that will be used for 
comparison following a post-intervention survey to be completed by a sample group of 
trainees. The training initiative was developed with key stakeholders within the company, 
including Heads of departments in central support services through to site-based disciplines.  
Of the barriers identified by the participants, the only indicator within the scope of the 
organisation, and that guided the training initiative, is to provide construction professionals 
with further resources (including experience and guidance on innovative technologies (RETs) 
as little is currently available within the organisation) and to promote the exchange of 
knowledge. Egbu (2004) believes that “an organisation’s capacity to innovate depends to a 
very considerable extent upon the knowledge and expertise possessed by its staff”. For 
example, contractors within the UK construction industry have moved from skilled labour and 
trade professionals to the management of the construction process. Contractors add value to 
the project and client through the management of the building process and through effective 
use of their collective knowledge and experience. Robinson et al (2005) states that larger 
construction organisations see knowledge management as a “contributory factor to business 
improvement” which further demonstrates the impact potential of research within the 
sponsoring company.   
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With the business shift to a service industry, changes occurred amongst the workforce. The 
O’Donnell et al (2008) review of previous literature shows the change to include: 
• “A workplace that is more diverse culturally and in terms of gender 
• Trade barriers and tariffs have reduced 
• Competition and achieving through people 
• Recognition that processes, techniques and designs from the past will not meet the 
challenges of the future.”  
 
All of the above indicators of change in the workplace highlight the need for a review of 
training methods within contracting organisations. Within the sponsoring company, the 
learning and development team have been involved with the development of the training 
material to be deployed nationwide to all construction professionals, totalling over 1000 
employees. In order to gain ‘buy-in’ from employees, it was important that the corporate style 
was used to highlight that the research project was an integral part of the future business 
learning and development strategy of the company, and an important element of the e-
learning and workshop training packages. This was to ensure that it could be fully integrated 
into the sponsoring organisation and would be viewed as being professional and credible 
amongst the targeted audience. Williams et al (2011) discussed the development of training 
material suitable for contractor employees. 
 
5.1 RET HANDBOOK 
As part of the on-going research by the author, a number of RET handbooks were previously 
produced and are discussed in Williams et al (2010; 2011). Existing literature and best 
practice were utilised to guide a structure and content for the handbooks that is familiar to 
construction professionals. The RET handbooks provided a number of benefits to the 
development of the training initiative. Firstly, they assisted the on-going objectives through 
identification of the most prevalent technologies within the sponsoring organisation, as well 
as providing information for on-going research into the barriers to RETs in the construction 
industry. Secondly, through data collection using in-depth POE case study projects, as well as 
interviews and workshops with key personnel within the industry, it facilitated an informal 
cross-sector line of communication between projects using similar technologies. The 
handbooks were also made available through the e-learning training and were hyperlinked 
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within the sponsoring company’s intranet to enable dissemination into the wider organisation, 
and as a permanent reference resource for all employees if required.  
 
5.2 THE E-LEARNING TOOL 
The first stage of the training initiative involved the development of an online e-learning 
course. This course introduced the topic of RETs to be built upon in a one hour workshop 
event. The role of E-learning in construction organisations is currently under- researched; 
however, research within the Information Technology (IT) industry and academia offers an 
insight into deployment mechanisms. The authors utilised e-learning as a method for 
disseminating RET knowledge throughout the business, with a view to make it available to all 
employees as both a learning and development tool and as a reference guide. Welsh et al 
(2003) state that the technological advances will dramatically alter the training and 
development, in addition to identifying the following benefits of e-learning: 
 
“1 Provide consistent, worldwide training 
2 Reduce delivery cycle time 
3 Increase learner convenience  
4 Reduce information overload 
5 Improve tracking 
6 Lower expenses” 
 
The e-learning training package comprises six modules each covering a number of RETs 
(Photovoltaic, Biomass Boilers, Solar Thermal, Ground Source Heat Pumps, Wind Turbines 
and Combined Heat and Power). The e-learning course requires the learners to complete all 
six modules and sub-modules within the RET training suite. There is no particular order in 
which the modules must be completed; however, to complete the training courses, all modules 
must be finished to receive a Continued Professional Development (CPD) certificate.  
The target provision of the e-learning modules was not constrained by geographical and 
logistical issues and is therefore due to be deployed to 1500 construction professionals 
employed by the sponsoring company nationally across the UK with a pilot group of 30 
individuals to test the usability and aesthetics of each module. DeRouin et al (2005) state that 
engagement with e-learning can be affected by high drop-out rates. A solution to overcome 
this is through customisation and personalisation of the e-learning experience.  
PAPER 5 
209 
Features of the e-learning tool include the following: 
 Review questions at the end of a module and intermediate knowledge checks. The 
purpose of the questions is to support and focus the attention of the learners 
 Assessment sections whereby the individuals can obtain feedback, and identify areas 
of weakness. Examples are given to support the theoretical principals for each RET in 
the learning management system (LMS) 
 Supporting information included case studies’ RET handbooks, and Corporate 
Reports. The length of the e-learning module for each technology was limited to 20-30 
minutes in order to maintain the concentration of the learner. Whilst it was not 
possible to include all the information associated with a technology in 30 minutes, 
additional supporting information was made available through the e-learning software 
and through hyperlinks to company based information. 
 Enabling users to locate information relevant to RETs within the company. 
 
5.2.1 INTERFACE DESIGN   
As stated earlier in the paper, for the e-learning training to be viewed by the target audience as 
an integral, corporate component of the organisation, it had to incorporate the company’s 
preferred style. Figure 3 shows the main menu screen for the RET training, with each of the 
six identified technology modules available.  
 
Figure 3 Interface design for E-learning main screen 
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5.3 TRAINING/ KNOWLEDGE EXCHANGE WORKSHOP 
As noted earlier in the paper, individuals within organisations are in general resistant to 
change, and thus their attitude to education and development within the organisation is likely 
to be no different. It was important to include a more traditional method of training in order to 
help overcome any such resistance from individuals; therefore, a face-to-face workshop was 
included in the training initiative. The purpose of the course was to further provide case study 
examples of RET installations based on the company’s own experience. The workshops were 
designed to be delivered in a formal training session that construction professionals are 
familiar with, in order to gain ‘buy-in’ from site based employees and senior management.  
The workshop facilitated knowledge share within the organisation and enabled cross-
discipline dissemination of information and experiences, in addition to supporting the 
introduction of RETs. Attendees were invited to discuss and analyse the case study examples 
provided in the half-day training session. From the initial pilot study with a selected group of 
construction professionals through to full company roll out, the workshop offered a unique 
insight to issues that prevented RETs from being efficiently integrated within projects. The 
interaction between the researcher and the participants in the workshops also helped to refine 
the training material for future training sessions. The sponsoring company’s decision to 
include the RET training within a continuing training package on a wider topic of 
“sustainability” showed high level commitment to improving the company’s performance 
regarding training and development which has been identified as key to the success of a 
training initiative.  
 
6. DEPLOYMENT WITHIN THE COMPANY 
 
From the initial stages of the research project through to developmental workshops and 
dissemination of practical experiences, these were fundamental to the effectiveness of the 
training initiative and were highlighted by the interviewees and workshops as a key 
component to promote the technologies within the organisation. Real world POE case studies 
of RETs were incorporated into both the e-learning and workshop training sessions with data 
made available via the e-learning and intranet and through social media groups.  
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6.1 INITIAL POST-INTERVENTION FINDINGS 
Initial results from the post-intervention survey distributed to the pilot study group shows a 
positive impact on perceptions towards RETs. Figure 4 shows the respondents’ opinions on 
the content, graphics, voice-over, pace, flexibility, user-engagement and knowledge checks 
for the e-learning component of the training initiative. The majority of responses were in the 
categories ‘very satisfied’ – ‘satisfied’ with the overall e-learning. However, the voice-over 
on one module was highlighted as a potential area to improve upon. This has been addressed 
within the company and will be revised following the company’s updating procedures for the 
LMS. Figure 5 show that 100% of respondents believe that the e-learning component has had 
a positive effect on their perceptions towards RETs. This is an encouraging finding from the 
initial review of the e-learning component. In addition to impact of the training initiative, 
100% of respondents indicated that POE data improved the content of the training. 
 
Figure 4 User satisfactions with e-learning training component 
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Figure 5 Impact on e-learning user perceptions to RETs 
 
 
Figure 6. Impact on knowledge after training initiative 
 
The respondents from the pilot study have shown that the training initiative has positively- 
impacted on their knowledge of RETs. The post-intervention survey with the pilot study 
allowed the participants to self-assess their own level of improvement. This was also 
supported through a set of randomised knowledge-check questions administered throughout 
the e-learning modules. Participants also completed an evaluation form upon completion of 
the CPD workshop and discuss their opinions on the training initiative. The findings indicate 
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that the combination of e-learning and workshop events have increased respondent knowledge 
(figure 6) and have improved perceptions across a range of construction disciplines. The 
results suggest that the use of e-learning to disseminate organisational learning on a particular 
subject, in the form of concise modules, is of real benefit to organisations distributed across a 
large geographical area, as it overcomes multiple barriers towards delivering training.  
 
7. BENEFITS 
 
The benefits of the training initiative will be of interest to the wider industry (particularly 
contractors) as it tackles a key barrier to traditional methods and distance learning with the 
introduction of e-learning. The e-learning component offers a degree of flexibility to the 
training, facilitating engagement with the project-based construction professionals who need 
to complete continued professional development (CPD). Cross knowledge sharing between 
and within the separate business units had a secondary benefit to the research as it also 
encouraged participation in the training development, and offered useful company-specific 
ideas for future e-learning initiatives on other topics, including health and safety and 
environmental awareness. 
 
The ability for users to leave and return to the e-learning module(s), the integration of 
attachments to more detailed background information, in addition to learning at a flexible 
pace and content has succeeded in disseminating information learnt from completed and 
“live” projects. The successful roll-out of the RET training package will encourage future 
training needs to be met through development of bespoke courses following the methodology 
conducted in this research project.  
 
The long-term benefits associated with the training initiative will be to create a change in 
culture by promoting good experience within the organisation, critique case study projects and 
offer a medium for knowledge exchange within the company. This has been possible through 
the integration of Post-Occupancy Evaluation (POE) within the contracting organisation in 
order to capture valuable information and data on RETs. Furthermore, in order to create a 
continual learning cycle with real world benefit, the adoption of in-use building reviews will 
be critical to improve the knowledge of RETs during the occupation of a building.  
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8. LIMITATIONS 
 
The authors acknowledge that the results of this paper are limited to a single case-study 
company; however, it is a typical UK contracting organisation and is one of the largest in the 
UK construction industry. However, the initial survey of 500 construction professionals 
across the UK identified a need for additional training and revealed a gap in knowledge within 
the organisation related to renewable energy technologies and knowledge sharing. The review 
of the e-learning component of the training initiative within the pilot study was limited by the 
software used to disseminate the training, which prevented access to the system by all 
employees. The company also required the pilot study to test the IT infrastructure of the 
organisation to ensure that it could manage a national roll-out for future e-learning modules. 
Due to this limitation it was not possible to complete a statistical paired t-test, as not all 
professionals have to date had access to the e-learning component on the training initiative.  
However, the workshops with the pilot study group has initiated a change in perceptions to 
RETs and to knowledge share, and it is reasonable to assume that, with company-wide 
deployment, the training will have a positive effect on the culture within the contracting 
organisation.  
 
9. CONCLUSIONS 
 
This paper has presented the development and deployment of a training initiative into a 
leading UK construction contractor organisation through a combination of e-learning and 
interactive workshop sessions, aimed at improving perceptions towards RETs and knowledge 
share within the organisation.  
The results of the initiative have all been positive from all participants, and have shown that 
the use of real world case studies is an effective method to engage with construction 
professionals. The integration of POE case study data within the training initiative was 
positively received by all participants in the workshop event, and by pilot study users of the e-
learning software, and assisted in engaging with the trainees. Whilst information exists on the 
topic of e-learning, advances in IT and organisational learning there is little available on 
implementation of this type of initiative in a multi-national organisation operating in the UK 
construction industry.  
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Research into learning and teaching has highlighted the need for training to be engaging, fun, 
active and constructive in order for it to be successful. The e-learning and workshop sessions 
therefore built upon existing knowledge from employees within the organisation in order to 
achieve success in facilitating knowledge sharing and in increasing general knowledge on 
RETs.  
 
The methodology adopted by this paper acknowledged that in order to affect a culture change 
within an organisation, it is necessary to overcome institutional barriers. These barriers were 
overcome through engaging with professionals during the development and knowledge 
capture sessions (site and office based) of the training initiative. It has highlighted the need 
for internal training on RETs but also identified underlying issues related to knowledge share 
and communication within the organisation. Despite the consensus that there is increased 
knowledge share and improvement since Latham (1994) and Egan (1998), this paper suggests 
that ingrained organisational barriers still need to be overcome to maximise efficiency within 
the industry. The developed training facilitated cross business unit knowledge sharing 
utilising POE case studies and in-situ construction experiences to fully engage with 
construction professionals. Culture change within construction organisations is a long-term 
process and is typically difficult within traditional industries like construction. Any attempt to 
initiate change is likely to be met at first with a degree of scepticism and cynicism; however, 
engaging all business units as part of the training initiative has shown the need for cross 
knowledge sharing to improve the organisation’s delivery of projects. Construction projects 
utilise multiple actors during the building process and therefore any training must be engaging 
for a range of disciplines and available to both site and office based staff. 
 
Additional comments obtained from interviews aimed at evaluating the research have 
identified that videos and streaming examples would improve the e-learning. There is scope 
for this to be included in a revised set of modules encompassing improvements that will be 
trialled before the national roll out of e-learning to the sponsoring organisation.  
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APPENDIX F – POST-OCCUPANCY EVALUATION AND THE 
ROLE OF CONTRACTORS QUESTIONNAIRE  
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APPENDIX G - PRE-INTERVENTION QUESTIONNAIRE 
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APPENDIX H – POST-INTERVENTION QUESTIONNAIRE 
(ONE MONTH AFTER TRAINING) 
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APPENDIX I – POST-INTERVENTION QUESTIOINNAIRE 
(SIX MONTHS AFTER TRAINING)  
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